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1.0 PROJECT OVERVIEW 

This report  presents the results of  a  study  conducted  by  Bechtel to develop costs for NO, control 
technologies for coal-, gas-,  and  oil-fired  boilers. The types of boilers  for  each  fuel  along  with 
the size  range  and  baseline NO, emission rate for  each  boiler type were  identified  by  the  United 
States Environmental  Protection  Agency  (EPA), as shown  in  Table 1-1. 

The  technical and economic  evaluations  conducted for this study  used a consistent  methodology 
to develop  costs  for various NO, control  technology applications. The  costs  are  therefore 
comparable  between  different  boiler types and  sizes. 

1.1 Project  P,urpose 

The primary objectives of this study  were  to: 

0 Develop costs for the NO, control  technologies with a  capability  to  reduce NO, emission 
from the baseline NO, rate to 0.15 lb/"Btu for each study  boiler 

Develop costs for the NO, control  technologies with a  capability to provide  substantial NO, 
emission  reductions for the  dry-bottom  tangential  and  wall-fired  boilers  burning  coal  beyond 
those  required  under 40 CFR Part 76 

1.2 Major Results 

The  capital and levelized  costs for each  technology case are presented in the figures that  are in- 
cluded at the end of this report.  The  major costs from these figures are  summarized in the fol- 
lowing  tables: 

Table 1-2 presents the fixed  and  variable costs for  a 200 MW boiler for  each  technology 
application. The variable costs are  reported  for  both the 27 and 65 percent  capacity  factors. 
Two types  of  variable  costs have been  included:  one containing the carrying  charges for the 
capital  expenditure  and  the other without this carrying  charge (as reported in EPRI's TAG). 
In addition, Table  1-2  also  provides  a  mathematical relationship to facilitate estimation of the 
capital  cost for a  given  boiler size (MW). 

Tables 1-3 and 1-4 present the capital ($/kw) and  levelized (%/ton of NO, removed) costs for 
two selected sizes of boiler  installations  for  each NO, control  technology  (for  both 0.15 
lb/"Btu and  substantial  reduction  cases).  These costs are  reported for both the 27 and 65 
percent  capacity  factors.  Also  provided  are  references to the figures from which  these  costs 
have  been  obtained. 

1.3 General  Approach to Technical and Cost Analyses 

The  overall  approach for both the technical  and cost analyses  was  based  primarily on the meth- 
odology  utilized in a  previous  Bechtel  study  that  involved  evaluation of NO, control  tech- 
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nologies for the Group 2 boilers. A copy  of the previous  study is provided as Appendix A to this 
report. 

e An evaluation  of the commercially  available NO, control  technologies  was  made to deter- 
mine  feasibility for meeting the aforementioned  project  objectives.  Table 1-5 lists these 
technologies along with their NO, reduction  effectiveness  and  applicability  to each study 
boiler  type.  The data presented in Table  1-5  were  based on published  information  on  a 
variety of technology  applications  (References 1 through 17). 

Based  on the above evaluation, the following  technologies  are  considered  in this report: 

+ The  selective  catalytic  reduction  (SCR)  technology  was  selected  for its capability to 
provide NO, reduction to the 0.15 Ib/"Btu limit for  all  study  boilers.  For the oil-  and 
gas-fired  boilers,  both  the  selective  noncatalytic  reduction (SNCR) and gas reburning 
technologies were also  selected for the same purpose, 

+ The  SNCR, gas reburning, and coal  reburning  technologies have been  found to have  a 
capability to provide  substantial NO, reduction  for the tangential  and  wall-fired  boilers 
burning  coal. Of these, the SNCR  technology  was  selected  for  evaluation  for this 
project. Costs of gas  and  coal  reburning  applications  on Group 2 boilers  have  been 
examined  in detail in  the  previous  Bechtel  study  (Appendix A). 

e The  technical  and  economic  evaluations  were  conducted  on  representative  boiler  installations 
for  each  boiler  category  identified  for this project.  The  design  data for the  representative 
boiler installations were  developed  from  Bechtel's  in-house  database. 

0 Both  capital costs ($kW) and  levelized  costs (milskWh and $/ton NO, removed)  were 
developed  for the applicable  boiler size range for each technology  application. 

e The  capital  cost  estimates  were  developed by factoring  from the 1994 cost data  generated in 
the  previous  Bechtel  study  (Appendix  A)  for  each NO, control  technology.  The  new  esti- 
mates were not based  on  detailed  major  equipment  lists, as developed in the previous study. 
Instead, appropriate  power factors representing the general  industry  practice  were  applied  to 
the  existing costs to obtain costs for this project. This method took into  consideration  the 
differences in the overall  system size and  capacity  between each technology  application for 
this project  and the corresponding  application  in the previous  study. 

e All new costs  were  developed in 1995  dollars.  The  latest  available  Chemical  Engineering 
cost  index  for  September  1995 was used to adjust the estimated 1994 costs to 1995. 

e The  levelized costs were  based on the economic  factors  reported in the 1993  EPRI TAG 
(Reference 18). They  were  developed  using  a  constant  dollar  approach.  Other  economic 
assumptions  were the same as shown in Appendix A and detailed in Section 2.0. I 
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0 All  levelized  costs  were  developed  based  on the following  operating  modes: 

4 The NO, control  technology  in  operation  for  the  entire  12-month  period with a  capacity 
factor of 65  percent 

4 The NO, control  technology in operation €or 5 months in a  year  with a capacity  factor  of 
65  percent  (resulting in an effective  yearly  capacity  factor of approximately 27 percent). 

1.4 Clarifications 

Note that alternate technologies other than  those  selected  in this study  may also be  applied to 
achieve the study  objectives. For instance,  a  combination of some of the technologies,  such as 
hybrid SCWSNCR, can  be  used for this purpose.  However, these alternatives are  beyond  the 
scope of the study. Additionally, this study does not  imply  that NO, emissions  from  every  boiler 
in the populations  considered  can  be  controlled to a  0.15 Ib/"Btu level; some boilers  may  be 
controlled  to levels higher than 0.15 lb/"Btu and  others to levels  lower  than 0.15 IbMMBtu. 

1-3 



TABLE 1-1 

STUDY BOILERS AND BASELINE NO, EMISSIONS") 

I I 
Boiler Type Size Range, Mw Fuel 

Dry bottom,  wall-fired  30-1300 Coal 
Gas 

I Oil 

fired 

Baseline NO, Rate 
Ib/"Btu 

0.50 (Title IV limit) 
0.25 
0.30 

0.45 (Title  IV  limit) 
0.25 
0.30 

0.8-1.5 
(1 -00 average) 

0.8-1.9 
( 1.17 average) 

0.7-1.7 
(1 - 13 average) 

0.85-1.1 
(1 -08 average) 

1. FOP  Group 1 boilers, the baseline NO, rates  are the currently  allowable emission limitations 
under 40 CFR  Part 76. For  Group 2 boilers, the baseline NO, rates  represent the average 
uncontrolled NO, rates,  per  boiler  type, as presented  in  Appendix A to "Investigation of 
Performance and Cost of NO, Controls  as  Applied to Group 2 Boilers,"  August  1995, 
prepared  for the U.S. EPA. 
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TABLE 1-3 

SUMMARY OF RESULTS 
NO,  CONTROL TECHNOLOGIES ACHIEVING 0.15 LB/"BTU LIMIT' 

NOTES 

1. The  legend for the symbols  used is: 
CYC Cyclone-fired 
TN Tangential 
VF Vertically  fired, dry bottom 
WF Wall-fired, dry bottom 
WE! Wet bottom 

2. The  capacity factor reflects the m u d  duration for which the NO, technology is in operation. 
3. The  cost  data  presented are taken from the curves shown in the referenced figures included in 

this report. 
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TABLE 1-3 (Continued) 

NOTES 

1. The legend for the symbols  used  is: 
CYC  Cyclone-fired 
TN Tangential 
VF Vertically fired, dry  bottom 
WF Wall-fired, dry bottom 
WE! Wet  bottom 

2. The  capacity factor reflects the annual duration for which the NO, technology is in operation. 
3. The cost data  presented  are taken from the curves shown in the referenced figures included in 

this report. 



TABLE 1-4 

SUMMARY OF RESULTS 

TANGENTIALLY  FIRED BOILERS 
COST  OF  SNCR  APPLICATIONS ON DRY-BOTTOM WALL- AND 

NOTES 

1. The  legend for the symbols used is: 
TN Tangential 
WF Wall-fired, dry bottom 

2. The  capacity factor reflects the annual duration  for  which the NO, technology is in operation. 
3. The  cost  data  presented  are  taken from the curves shown in the referenced figures included  in 

this report. 



TABLE 1-5 

APPLICABLE NO,  CONTROL  TECHNOLOGIES 

Selective Non- 30 - 50% WF, TN, Cell,  CYC 
catalytic Reduction W, VF 

NOTES 

1. The  legend for symbols used is: 

C 
0 
G 
WF 
TN 
CYC 
WB 
VF 

coal 
Oil 
GaS 
Wall-fired dry bottom 
Tangential 
Cyclone-fired 
Wet bottom 
Vertically fired, dry bottom 

2. Combustion  controls include low-NO,  burners,  overfire  air,  and gas recirculation  (for  oil 
or gas boilers only). 



2.0 METHODOLOGY AND'GENERAL ASSUMPTIONS 

The  methodology  and  assumptions  used in selecting the applicable NO, control  technologies and 
conducting the technical  and  economic evaluations for this project are detailed  in this section. 

2.1 Technoiogy Selections 

Table 1-2 categorized the commercially available technologies  and their NO, control  potential 
for  various  boiler  types. As shown in this table, the NO, reduction  effectiveness  varies  de- 
pending on the site-specific  conditions for my given  application. 

The study criteria define the baseline NO, rates for the dry-bottom  wall-fired  and  tangential 
boilers  burning  coal to be 0.45 and 0.5 lb/MMBtu,  respectively  (these  rates  being  required by 40 
CFR Part 76). The  baseline NO, rates for the same boilers on oil and gas are defined as 0.3 and 
0.25 lb/"Btu, respectively,  because these rates currently  are  being  achieved on gas- and oil- 
fred boilers.  It is assumed that these NO, rates correspond to boilers equipped  with  low-NO, 
burners  only  (no  overfire air ports). 

The  above  assumption implies that full credit can be taken for the NO, reduction potential of the 
technologies  (such as gas reburning) utilizing overhe air  ports.  Without this assumption,  appli- 
cation of these  technologies to boilers with existing overfire  air  ports  would  be  possible  only if 
the ports are  replaced with the new ports associated  with the technologies.  Deletion  of  the 
existing ports would  have  a  corresponding impact of increasing the baseline NO, levels, thus re- 
quiring  a  higher NO, reduction to achieve  0.15 lb/"Btu. 

As per the study  criteria, the NO, reduction efficiencies required to meet the 0.15 1bMMBtu for 
the gas-  and  oil-fired  boilers  are 40 and 50 percent,  respectively.  For  coal-fired  boilers,  these 
efficiencies  range  from  66.67 to 87.1 8 percent. 

Based on the above  background  information  and  assumptions,  assessment of the feasibility  of 
applying  various  technologies  to the study boilers is as follows: 

0 The various components  of  combustion controls include low-NO, burners,  overfire  air ports, 
and gas recirculation  fans.  Where  applicable, the study boilers are already  equipped  with 
low-NO,  burners.  Since these burners  reflect a major portion of the overall  effectiveness  of 
combustion  controls,  installation of other technology  components on these  boilers to achieve 
0.15 1bMMBtu does  not  appear  possible. 

0 The  coal  reburning  technology is not feasible for application  on  any  coal-fired  study  boiler, 
since the minimum  required NO, reduction efficiency of  66.67  percent is still higher than the 
maximum  potential of this technology (50 percent  reduction). 

0 The  gas  reburning  technology  can  provide a NO, reduction ranging from 40 to 60 percent. 
Since the reductions to achieve the 0.15 lb/"Btu level  for the gas- and oil-fired  boilers  fall 
within this range, this technology is considered to be a suitable candidate for these boilers.  It 
is to be  recognized that site-specific factors for some plants  may  pose  serious  constraints 
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either to achieve proper NO, reductions or to install the technology  components. These fac- 
tors include lack of tufficient space to install the reburn he1 injectors  (or  burners)  and  over- 
fire air ports,  lack  of  proper  residence  times,  and  unavailability of natural  gas. 

o The  effectiveness of the SNCR technology can vary  from 30 to 50 percent.  Based on the 
NO, reduction needs (0.1 5 1bMMBtu) of the study  boilers, this technology  can  be  applied 
only to the  gas-  and  oil-fired  boilers. Similar to gas reburning, this feasibility  may  be subject 
to site-specific factors.  The  most  important aspect of  SNCR is the  availability of a proper 
residence time within the boiler in a  required temperature zone,  which  varies  with  the type of 
SNCR  system  used  (ammonia- or urea-based). It is recognized that such  residence times may 
not be  available in all gas-  and  oil-fired  boilers. 

e The NO, reduction needs of d l  study boilers fall within the potential  effectiveness  range (80 
to 90 percent) for the SCR  technology,  which is therefore considered  feasible for all of these 
boilers. 

Even for the SCR technology, the NO, reduction rates required for the cell, cyclone,.  wet 
bottom, and  vertically  frred boilers are relatively  high.  Such  rates  would  require  significantly 
large amounts of  catalyst.  Other  concerns, such as excessive SO3 conversion rates, may also 
be applicable in some  specific  retrofits. 

In some cases, the duty  on the SCR systems could  be  reduced by applying  more than one 
NO, control technology.  For instance, hybrid systems using SNCR and SCR  could  be  used, 
or SCR could be applied with combustion controls (applicable to cell, wet  bottom,  and  verti- 
calIy-fired  boilers).  These applications are  considered outside the scope of the  study. 

e Based  on the above analyses, the technologies  selected  for  meeting the 0.15 1bMM.Btu limit 
include SCR for all  boiler categories and  SNCR  and gas rebuming for  gas-  and  oil-fired 
boilers only. Similarly, SNCR has  been  considered for achieving  substantial NO, reduction 
(50 percent) for the wall-fired and tangential boilers buming  coal. 

2.2 TechnicaI Evaluations 

The  methodology for the technical evaluations is essentially the same as used in the previous 
- -  study  (Appendix A, Section 2.0 of Appendix  B). The highlights of this methodology  are as fol- 

lows: 

0 All design details pertaining to the representative boilers in the cyclone,  cell,  wet-bottom,  and 
vertically  fired  categories are the same as shown  in the previous  study. 

. "  - ,  

; -, 

Since the tangential  and  wall-fired  boilers  burning  coal,  oil, or gas  were  not  included in the 
previous study, design details of representative boilers for these  categories have been  specifi- 
cdly developed for t h i s  project from the Bechtel  in-house  database. In the  case of each  boiler 
category, the evaluations are performed using one representative  boiler.  It is assumed that 
boiler  design  parameters  vary in a  direct proportion to the boiler  size. 
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0 The  design  and  performance  impacts of each technology  application  have  been  based  on  the 
same assumptions as used in the  previous  study  (Appendix A). 

2.3 Economic Evaluations 

Similar to the technical evaluations, the methodology  in the previous  study  (Appendix A, Section 
2.0 of  Appendix  B) has been  utilized in most  parts  in  conducting the economic  evaluations  for 
this project. The major areas of  differences are as follows: 

The costs for this study are in 1995  dollars  compared to the 1990  dollars  used in the previous 
study. Because of this difference, the economic factors provided in Table  B2-2  of  Appendix 
A have been  revised  for use in this study. 

Table  2-1 shows the revised  economic  factors.  The  highlights of these revisions  are 
described  below: 

4 The 1993 EPRI  TAG  has  been  used for establishing the carrying  charge factor, leveliza- 
tion factor, costs of consumables (ash and  water)>  and cost of  operating  labor. 

4 The 4.993 EPRI TAG shows a  decline  in the coal  price  from  1990 to 1995  period.  For 
conservatism, the 1990  coal  price is used.  Since the only  study cases where  coal  con- 
sumption is affected  are the tangential  and  wall-fired  boilers  firing  bituminous  coals, 
only the bituminous  coal  price is shown. 

4 The No. 6 oil and  natural  gas  prices are based on a recent  publication  (Reference  19)t 
which is considered  more  current than the data presented in EPRI TAG. 

4 The SCR catalyst replacement costs and the SO2 allowance  are  assumed to be the same 
as reported  for  the  previous  study. 

4 The urea and  anhydrous  ammonia costs are revised to reflect the 1995 costs  reported in 
Appendix A, Section C.2. 

For the tangential  and  wall-fired  boilers, the costs have  been  developed  using  data  for  one 
representative  boiler. In establishing the costs for the boiler size range, it is assumed  that 
performance  parameters  vary in direct  proportion to the boiler  size.  The  capital  costs  for the 
boiler size range  have  been  developed  by  using the scaling  methodology  described in Section 
2.4.1 of Appendix  A,  The  same scaling factors  have  been  used as determined for the various 
technology cases evaluated in Appendix A. 

The capital costs have  been  adjusted  to the study  reference  period by using the Chemical 
Engineering cost index for September  1995. 
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0 All  levelized costs have  been  developed  based on the following  plant operating modes: 

+ The NO, control  technology in operation  for the entire  12-month  period  with  a  capacity 
factor of 65 percent 

+ The NO, control  technology in operation  for 5 months in a  year  with a capacity  factor of 
65 percent  (resulting in an  effective  yearly  capacity  factor  of approximately 27  percent) 

' -, 
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TABLE 2-1 

ECONOMIC  FACTORS 

Parameter 

Cost  year 

Useful life 

Carrying  charges 

Levelization  factor 

Maintenance  cost 

Electrical  power  cost 

Bituminous coal  cost 

Natural gas cost 

No. 6 oil cost 

Ash disposal  cost 

Anhydrous  ammonia  cost 

Urea  cost (50% solution) 

SCR catalyst replacement  cost 

Operator  cost 

Water  cost 

SO2 allowance 

Value 

September 1995 

20 years 

0.127 

1 .o 

1.5% (of capital)/year 

$ O . O S k W h  

$1.60/"Btu 

$2.27iMMBtu 

$1.97/"Btu 

$1 1.28/ton 

$202/ton 

$0.80/gallon 

$350/ft3 

$24.82/person-how 

$0.0004/galIon 

$1 50/ton 
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3.0 COAL-FIRED PLANT ASSUMPTIONS AND RESULTS 

This  section  summarizes the technical  and  economic  evaluations  conducted for the coal-fired 
boiler applications of NO, control  technologies. 

3.1 Tangential  Boiler  Applications 

The NO, control  technologies  evaluated  for this boiler  type  include  SCR  and  SNCR.  The  design 
data  for the representative  boiler  selected for this evaluation  are  shown in Table  3-1 e This  boiler 
is a  balanced  draft,  forced  circulation,  reheat,  single  furnace  boiler.  It  has four windboxes 
located  along  the  four  corners of the fiunace.  There are a  total  of 20 coal  burners,  five  per 
corner.  The  boiler  serves  a 348 MW steam  turbine  generator  and is equipped with two 50-per- 
cent-capacity  forced  draft  fans,  two  50-percent-capacity  induced draft fans,  and an electrostatic 
precipitator  for  removing dust from the flue gases  exiting  the  boiler. 

3.1.1 SCR Evaluation 

The following major criteria and assumptions  have  been  followed in evaluating the SCR  tech- 
nology  for  the  coal-fired tangential boilers: 

The SCR system is designed to reduce NO, emission  from  a  baseline  level of 0.45  Ib/"Btu 
to the required limit of  0.15 IbMMBtu. 

Anhydrous  ammonia is utilized as a  reagent for the SCR  system. 

The  system is designed for an ammonia  slip  of  5  ppm. 

A 14-day  storage is provided at the plant site for anhydrous  ammonia. This storage capacity 
is based on a  full-load operation of the boiler. 

It is assumed that the existing plant  setting  allows  installation of the SCR reactors between 
the economizer  and  air heater without a need to relocate  any  major  structure or equipment. 

The  operating life of the SCR catalyst is assumed  at 3 years.  A  catalyst life management 
strategy is not  used for this evaluation. It is also assumed  that no appreciable  difference in 
the catalyst  life  occurs  when the plant is operated  at  low  capacity  factors. This assumption 
results in conservative cost estimates,  since  it is expected  that  a  low-capacity factor may  re- 
sult in a net catalyst life increase. 

Other  general  SCR system design  details,  assumptions,  and impacts on the existing  equip- 
ment  outlined in Appendix  A  (Section  4.5  of  Appendix B) also  apply to this case. 

The SCR technology is a  postcombustion  technology, in which the reagent is injected into the 
flue gas stream  at the economizer outlet upstream of the catalyst  reactor. As such,  SCR  tech- 
nology  has no direct  impact  on the boiler  performance.  The  boiler  parameters  shown in Table 
3-1 would  remain  unchanged following a  SCR  retrofit.  However,  such  a retrofit would  impact 
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the plant's overall  operating  costs,  because of the increased  auxiliary  power  consumption, 
anhydrous  ammonia  usage,  and  periodic  catalyst  replacement.  For  the  study boiler, estimates of 
these consumables associated  with the SCR  system are as follows: 

Auxiliary  power  consumption  768 kW 

Anhydrous m o n i a  consumption 365 Ib/hr 

Average  catalyst  replacement 4,680 ft31yr 

Using the above  parameters  and the costing  methodology  described in Appendix A, both the 
capital and levelized costs have  been  calculated for the entire size range (33 to 952 MW) of tan- 
gential,  coal-fired  boilers. As shown in Figure 3-1, the capital  costs range from approximately 
$35 to $13O/kW. The levelized costs at  a  capacity factor of 65  percent  range  from  1.9 to 4.3 
milskWh and $1,240 to $3,05O/ton NO, removed (Figures 3-2 and 3-3). The  levelized  costs  at a 
capacity factor of 27 percent  range fiom 4.25 to 9.9 milsLkWh and $3,100 to $7,100/ton NO, 
removed  (Figures  3-4  and 3-5). 

3.1.2 SNCREvaluation 

The following major  criteria  and assumptions have been followed in evaluating the SNCR  tech- 
nology for the coal-fired,  tangential  boilers: 

The  SNCR  system is designed to provide  a 50 percent NO, reduction from a  baseline NO, 
rate of 0.45 IbMMBtu. 

A urea-based  SNCR  technology is selected for this application. 

The  system is designed for an ammonia slip of 10 ppm,  selected to minimize  impacts on the 
equipment  located  downstream of the boiler  (air  heater, precipitator, etc.).  Higher  ammonia 
slip may  produce ammonium salts causing pluggage of  air  heater and contamination  of  ash 
collected in the  precipitator. 

A 14-day  storage  based  on  a  full-load  operation is provided at the plant site for the urea solu- 
tion. 

For  an effective reaction  be'tween the reagent and NO,, sufficient  residence  times must exist 
within the boiler in a proper  temperature  zone (1,800 to 2,000 OF). It is assumed  that  such 
residence times are available  within the boilers  being  evaluated. It is to be  noted  that  without 
adequate residence  times, it may  not  be  possible to achieve a 50 percent NO, reduction while 
maintaining  the  ammonia slip at 10 ppm. 

A reagent  ratio of 1.75 is selected for the  SNCR system design. 

Other  general  SNCR  system  design details, assumptions, and impacts on the existing  equip- 
ment outlined in Appendix A (Section 4.4 of  Appendix B) also apply to this case. 
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Injection of the urea  solution  within the boiler does have  an  impact on the boiler  performance, 
because of the heat  loss@associated  with the moisture  content of this solution. This heat loss 
causes a slight reduction in the boiler  efficiency,  resulting  in  increased  fuel  flow, ash generation, 
and  combustion  air  and  flue gas flow rates.  The  overall  impacts  of  the SNCR system retrofit  on 
the study boiler are  as  follows: 

The  boiler  efficiency  reduces  from 88.39 to 88.00 percent.  The  boiler  heat  input  increases 
from  3,210  to  3,244  MMBtu/hr.  The fuel flow, ash  generation  rate,  and  combustion  and flue 
gas flow'rates increase  in  a  direct  proportion  to the change in the  heat  input. 

There is an overall  increase in the plant auxiliary power  consumption due to the SNCR 
equipment as well as the  increased  demand on the draft fans to accommodate the higher  air 
and flue gas flow rates.  The  estimated  auxiliary  power  increase is 157  kW. 

The  urea  consumption  requirement for the SNCR system is 350 gdtl./hr. 

The  water  consumption  requirement  for the SNCR  system is 4,470 ga1.h. 

Using  the  above  parameters and the costing methodology  described in Appendix A, both the 
capital  and  levelized  costs  have  been  calculated for the entire  size  range (33 to 952  MW)  of tan- 
gential,  coal-fired  boilers. As shown in Figure 3-6, the capital costs range from approximately 
$6 to $46/kW. The  levelized costs at a  capacity factor of 65 percent range from  1.13 to 2.15 
milskWh and $1,140 to $2,13O/ton  NO, removed  (Figures 3-7 and 3-8). The  levelized  costs at a 
capacity factor of  27  percent  range  from  1.32 to 3.78 milskWh and  $1,330 to $3,80O/ton NOx 
removed  (Figures  3-9  and  3-10). 

3.2 Wall-Fired Boiler Applications 

The NO, control  technologies  evaluated  for this boiler type include  SCR and SNCR.  The  design 
data for the representative  boiler  selected for this evaluation are shown in Table  3-1. This boiler 
is a balanced draft, natural  circulation,  reheat, single furnace  boiler. It has 24  burners  located 
four  high  and  six  wide  on the front wall  of the unit.  The  boiler  serves  a  381 MW steam turbine 
generator and is equipped  with two 50-percent-capacity  forced drafi fans, two 50-percent- 
capacity  induced  draft  fans,  and an electrostatic  precipitator  for  removing  dust  from  the flue 
gases exiting the boiler. 

3.2.1 SCR Evaluation 

The following major  criteria  and  assumptions have been  followed in evaluating the SCR tech- 
nology for the wall-fired  boilers: 

0 The  SCR  system is designed to reduce NO, emission from a  baseline  level  of 0.5 1bMMBtu 
to the required limit of 0.15  lb/"Btu. 

e All of the other  criteria  and  assumptions  described in Section  3.1.1  apply  equally to this case. 



The  consumables  associated  with the SCR system retrofit for the  study  boiler  are as follows: 

Auxiliary  power  consumption 842 kW 

Anhydrous  ammonia  consumption 476 I b h  

Average  catalyst  replacement 54 17 ft3/yr 

Using the above  parameters  and the costing  methodology  described in Appendix  A,  both  the 
capital  and  levelized  costs  have  been  calculated for the entire  size ringe (30  to  1,300 MW) of 
wall-fired  boilers. As shown in Figure 3-1 1, the  capital costs range fiom approximately $37 to 
$134kW. The levelized  costs at a  capacity  factor of 65 percent  range  from 2.03 to 4.5  mils/kWh 
and  $1,180 to $2,60O/ton NO, removed  (Figures  3-12 and 3-13).  The  levelized  costs  at  a 
capacity  factor of 27 percent  range fiom 4.5 to 10.4 milskWh and $2,700 to $6,10O/ton NO, re- 
moved  (Figures  3-14  and  3-15). 

3.2.2 SNCR Evaluation 

The  following  major  criteria  and  assumptions have been  followed in evaluating  the  SNCR tech- 
nology  for the wall-fired  boilers: 

e The  SNCR  system is designed to provide  a 50 percent NO, reduction  from  a  baseline NO, 
rate of 0.50 lb/"Btu. r -  

0 All of the other criteria and assumptions  described in Section  3.1.2 also apply  equally to this 
case. 

The impacts of the SNCR  technology  retrofit  on the study  boiler are as follows (refer  to  Table 
3-1): 

e The  boiler  efficiency  reduces fiom 88.39 to 87.96  percent.  The boiler heat  input  increases 
fiom 3,600 to 3,618  MMBtu/hr.  The  fuel flow, ash generation  rate,  and  combustion  and flue 
gas flow rates  increase  in  a  direct  proportion to the change in the heat  input. 

0 There is an overall  increase in the plant  auxiliary  power  consumption  due  to the SNCR 
equipment as well as the  increased  demand on the draft fans to accommodate the higher air 
and flue gas flow rates.  The  estimated  auxiliary  power increase is 193 kW. 

The  urea  consumption  requirement for the  SNCR  system is 433 gal .h .  

e The  water  consumption  requirement  for  the  SNCR system is 5,570 ga1.h. 

Using  the  above  parameters  and the costing  methodology  described  in  Appendix A, both  the 
capital  and  levelized  costs  have  been  calculated for the entire size range (30  to  1,300 MW) of 
wall-fired  boilers. As shown in Figure 3-16, the 'capital costs range from approximately  $6.5 to 
$52kW. The  levelized costs at  a  capacity  factor of  65 percent range from  1.18 to 2.32 milskWh 
and  $980 to $1,92O/ton NO, removed  (Figures 3-17 and  3-18).  The  levelized  costs  at  a  capacity 
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factor  of  27  percent  range from 1.39 to 4.1 mils/kWh and $1,180  to $3,40O/ton NO, removed 
(Figures  3-19  and  3-20). 

3.3 Cell-Burner  Boiler  Applications 

Only the SCR technology was evaluated for NO, control on this boiler  type.  The  design  data for 
the representative  boilers of 300 and 600 MW sizes selected for this evaluation  are  shown  in 
Figures  B3-3  and  B3-4 of Appendix  A. 

The  following  major criteria and  assumptions  have  been  followed in evaluating the SCR tech- 
nology  for the wall-fired  boilers: 

0 The SCR system is designed to reduce NO, emission from  a  baseline  level of 1.0 lb/"Btu 
to the required limit of 0.15  lb/"Btu. 

e Similar  to the methodology  used in Appendix  A, the evaluations are based on two  represen- 
tative  boilers. 

e All  of the other criteria and assumptions described in Section 3.4. .1 apply  equally  to this case. 

The  consumables  associated with the SCR system retrofit for the study  boilers  are as follows: 

300 MW 600 MW 

Auxiliary  power  consumption, kW 716  1,43  1 

Anhydrous  ammonia consumption, lb/hr 843 1,64 1 

Average  catalyst  replacement, ft3/yr 4,556 8,773 

Using the above  parameters  and the costing methodology  described  in  Appendix  A,  both the 
capital  and  levelized  costs  have been calculated for the entire size range  (200 to 1,300 MW) of 
cell-burner  boilers. As shown in Figure 3-21, the capital costs range  from  approximately  $38.5 
to $69/kW.  The  levelized costs at  a  capacity  factor of 65  percent  range from 2.13 to 3.8 
milskWh and $610 to %800/ton NO, removed  (Figures  3-22 and 3-23).  The  levelized costs at a 
capacity  factor of 27  percent  range  from  4.6 to 6.8 rnilskWh and $1,305 to $1,78O/ton NO, re- 
moved  (Figures  3-24  and 3-25). 

3.4 Cyclone-Fired Boiler Applications 

Only the SCR technology was evaluated for NO, control on this boiler  type.  The  design data for 
the representative  boilers of 150 and  400 MW sizes selected for this evaluation  are  shown in 
Figures  B4-3 and B4-4 of Appendix A. 

The  following  major criteria and assumptions have been followed in evaluating the SCR tech- 
nology for the  wall-fired  boilers: 
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The SCR  system is designed to reduce NO, emission  from  a  baseline  level of 1.17 Ib/"Btu 
to the required limit of 0.15 1bMMBtu. 

0 Similar to the methodology  used in Appendix A, the  evaluations  are  based  on two represen- 
tative boilers. 

0 All of the other criteria and assumptions described in Section  3.1  -1  apply equally to this case. 

The  consumables  associated  with the SCR system  retrofit for the  study  boilers are as follows: 

150MW 400 MW 

Auxiliary  power  consumption, kW 250 954 

Anhydrous  ammonia  consumption, l b h  490  1,380 

Average  catalyst  replacement, ft3/yr 2,320 6,400 

Using the above  parameters and the costing methodology  described  in  Appendix A, both the 
capital  and  levelized  costs  have  been  calculated for the entire size range (25 to 1,200 MW) of 
cyclone  boilers. As shown in Figure 3-26, the capital  costs  range  from  approximately $44 to 
$120/kW.  The  levelized costs at a capacity  factor of 65 percent  range  from 2.8 to 4.3 mils/kWh 
and $525 to $99O/ton NO, removed  (Figures  3-27 and 3-28).  The  levelized costs at a  capacity 
factor of 27 percent  range from 5.9 to 9.8 milskWh and $1,080 to $2,27O/ton NO, removed 
Figures 3-29  and 3-30). 

3.5 Wet-Bottom  Boiler  Applications 

Only the SCR  technology was evaluated for NO, control  on this boiler  type. The design  data  for 
the representative  boilers of 100 and 259 MW sizes  selected  for this evaluation are  shown in 
Figures  B5-3  and B5-4 of  Appendix  A. 

The  following  major criteria and assumptions have  been  followed  in evaluating the SCR tech- 
nology  for the wall-fired  boilers: 

0 The SCR system is designed to reduce NO, emission  from  a  baseline level of I. 13 IbMMBtu 
to the required limit of 0.15 1bMMBtu. 

o Similar to the methodology  used  in  Appendix A, the  evaluations are based  on two represen- 
tative boilers. 

0 All ofthe other criteria and assumptions described in Section  3.1 .I apply  equally to this case. 
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The  consumables  associated  with the SCR  system  retrofit  for the study  boilers  are as follows: 

100 MW 

Auxiliary  power  consumption, kW 240  620 

Anhydrous  ammonia  consumption, l b h  320 840 

Average catalyst replacement, ft3/yr 1,570 4,080 

Using the above parmeters and the costing methodology  described in Appendix  A,  both  the 
capital and levelized costs have  been  calculated for the entire size range  (25 to 800 MW) of wet- 
bottom  boilers. As shown in Figure  3-31,  the  capital  costs  range  from  approximately  $46  to 
$130/kW. The levelized  costs at a  capacity  factor of 65  percent  range fi-om 2.65 to 4.65 
milskWh and $560  to $1,10O/ton NO, removed  (Figures  3-32  and  3-33).  The  levelized costs at 
a  capacity  factor of 27  percent  range from 5.7 to 10.6  mils/kWh  and  $1,200 to $2,50O/ton NO, 
removed  (Figures  3-34  and  3-35). 

3.6 Vertically  Fired,  Dry-Bottom Boiler Applications 

Only the SCR technology  was  evaluated for NO, control  on this boiler  type.  The  design data for 
the representative  boilers of 1 10 and  220 MW sizes selected for this evaluation are shown in 
Figures  B6-3  and  B6-4 of Appendix  A. 

The following major  criteria  and  assumptions  have  been  followed  in  evaluating the SCR tech- 
nology for the wall-fired  boilers: 

0 The SCR system is designed to reduce NO, emission from a  baseline  level of 1.08 1bMMBtu 
to the required limit of 0.15 IbMMBtu. 

0 Similar to the methodology  used in Appendix A, the evaluations are  based  on two represen- 
tative  boilers. 

0 All of the other  criteria  and  assumptions  described  in Section 3.1.1  apply  equally to this case. 

-The consumables  associated with the SCR system  retrofit for the study  boilers  are as follows: 

110 MW  220 MW 

Auxiliary  power  consumption, kW 260  525 

Anhydrous ammonia  consumption, l b h  350  640 

Average  catalyst  replacement, ft3/yr 1,750  3,200 

Using the above parameters  and the costing  methodology  described in Appendix A, both the 
capital and levelized  costs  have  been  calculated for the entire size range  (25 to 300 MW) of  ver- 
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tically fired boilers. As shown in Figure  3-36, the capital costs range  from  approximately  $57 to 
$15l/kW. The  levelized costs at a capacity factor of  65  percent  range  from 2.65 to 5.25 
mils/kWh  and $720 to $1,17O/ton NO, removed (Figures 3-37  and  3-38).  The  levelized costs at 
a capacity factor of 27  percent  range fiom 5.85  to 12.0 mils/kWh and $1,590 to $2,65O/ton NO, 
removed  (Figures  3-39  and  3-40). 

l.l ,- 
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TABLE 3-1 
e- 

ORIGINAL  DESIGN DATA 
TANGENTIAL AND WALL-BURNER  COAL-FIRED  BOILERS 

Parameter“’ 

Boiler  size, MW , 

Boiler  load, % MCR 

Boiler  type 

Heat  input, MMBtu/hP 

Fuel  consumption, to* 

Solid  waste,  to& 

Boiler  efficiency 

Fuel  analysis (wt. YO): 

Ash 
Moisture 
Sulfur 
HHV, BWlb 

NOTES 

Tangential  BoilertL’ 

348 

100 

Reheat 

3,210 

127 

9.82 

88.39 

7.7 
8.4 
0.8 

12,696 

1.  Only  data  pertinent to the NO, control  technologies  are shown. 

Wall-Fired  Boiler”’ 

381 

zoo 

Reheat 

3,600 

142 

10.98 

88.39 

7.7 
8.4 
0.8 

12,696 

2. The  same  coal is fired in both  boilers. It is assumed  that  efficiency is the  same  for  both  boiler 
types.  In  practice,  there  may be a  small  difference  in  the  efficiencies;  however,  the  difference 
would  be  insignificant as long as the operating  parameters,  such as excess  air  levels,  are  the 
same. 



4.0 NATURAL  GAS-FIRED PLANT ASSUMPTIONS  AND 
RESULTS 

Both the tangential  and  wall-fired  boilers  firing  natural gas have been  considered  in this evalua- 
tion.  The NO, control  technologies  evaluated  for these boiler types include SCR, gas  rebuming, 
and SNCR.  The  design  data  for the representative  boilers selected for this evaluation  are  shown 
in Table 4-1. It is to be  noted  that the same  design  data apply to both the tangential  and  wall- 
fired  boilers. 

The  tangential  boiler is a balanced draft, forced  circulation,  reheat,  single  furnace  boiler.  It  has 
four  windboxes  located along the four comers of the furnace. There are  a  total  of 16 burners, 
four per comer. The boiler serves a 350 MW steam turbine generator  and is equipped  with two 
50-percent-capacity  forced draft fans and two 50-percent-capacity  induced  draft  fans. 

The  wall-fired  boiler is a  balanced draft, natural circulation, reheat,  single  furnace  boiler.  It is a 
front wall-fired  boiler  with 20 burners arranged four high and five  wide.  The  boiler  serves  a 
350 MW steam  turbine  generator and is equipped  with two 50-percent-capacity  forced drafi fans 
and two 50-percent-capacity  induced  draft  fans. 

4.1 SCR Evaluation 

The  following  major criteria and assumptions have  been  followed in evaluating the SCR  tech- 
nology for the tangential  and  wall-fired  boilers: 

The SCR system is designed to reduce NO, emission from a baseline  level  of 0.25 lbNMBtu 
to the required limit of 0.15 lb/"Btu. 

Since the flue gas flow conditions at the economizer outlet are  the  same  for  both the tangen- 
tial  and  wall-fired  boilers, the SCR system  design  would  be  extremely  similar for these 
boilers,  which permits a joint presentation of the cost data for these  boilers. 

Similar to the  coal-fired  tangential  boiler  case, the evaluation is based  on one representative 
boiler  for  each  boiler  type. 

A  catalyst  operating  life of 5 years is assumed. 

All of the other criteria and  assumptions  described in Section 3.1:. 1 apply  equally  to  this  case. 

The  consumables  associated  with the SCR system retrofit.for the study  boilers  are as follows: 

Auxiliary  power  consumption  420 kW 

Anhydrous  ammonia  consumption 130 lbhr 

Average catalyst replacement  425 f?/yr 
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Using  the  above  parameters  and  the  costing  methodology  described in Appendix  A,  both  the 
capital  and  levelized  costs  have  been  calculated for a  boiler size range  of 30 to 1,300 MW. As 
shown in Figure  4-1,  the  capital costs range  from  approximately $14 to  $54/kW. The levelized 
costs  at  a  capacity factor of  65  percent  range  from  0.55  to  1.5  mils/kWh  and $1,350 to $3,75O/ton 
NO, removed  (Figures  4-2  and  4-3).  The  levelized costs at  a  capacity  factor of 27  percent  range 
from  1.1  5 to 3.44 milskWh and $2,900 to $8,60O/ton NO, removed  (Figures  4-4  and  4-5). 

4.2 Gas Reburning Evaluation 

The following major criteria  and assumptions have  been  followed in evaluating  the gas reburning 
technology  for the gas-fired  boilers: 

The gas reburn  system is designed to reduce the baseline NO, of 0.25 1bMMBtu to the re- 
quired limit of  0.1 5 IbMMBtu. 

It is assumed that natural gas supply is available  at  the  plant  fence for both  boilers. 

The  reburn  system  design is based  on a 25  percent  heat  input for the reburn  injectors.  Natural 
gas is injected into the furnace along with gas recirculation  (system  designed for a 10 percent 
recirculation  rate).  It is assumed that existing gas recirculation fans will  be  used  for this pur- 
pose.  The  overfire  air  system is designed for 20 percent  of the full-load combustion air re- 
quirement  for the boiler. 

It is assumed that sufficient space is available in the boilers to add the reburn injectors and 
overfire  air ports. It is also  assumed  that  the  available  space allows for an adequate residence 
time for completing  the  combustion  process  for the reburn fuel. Lack of an adequate  resi- 
dence time  may  reduce the effectiveness  of the gas reburn  system or it may  adversely  affect 
the feasibility of installing  such a system. 

In some cases,  capital cost of the reburn  technology  application  may  be  lower  for  a  tangential 
boiler  than for a  wall-fired  boiler.  Because  of the corner  firing  arrangement for the tangential 
boiler,  a  potential may exist  for  effectively  utilizing  a  smaller  number of reburn  injectors. 
However, any cost difference is not  expected to be  significant.  Therefore,  for conservatism, 
the same  capital  costs  developed for the wall-fired  boiler  have  been  used for the tangential 
boiler. 

Other  general gas reburn  system  design  details,  assumptions, and impacts on the existing 
equipment  outlined in Appendix A (Section  4.3 of Appendix B) also apply to this case. 

Reburn  technology  has  a  minimal  impact  on the performance  of a gas-fired  boiler. This applica- 
tion involves withdrawal of a portion of the boiler fuel from the main  combustion zone and  in- 
jection of this fuel  above the top-most  burners.  Overfire  air is injected fixher up in the furnace 
to  complete  combustion of the reburn  fuel.  As  long as the conditions permit  proper  combustion 
of the reburn  fuel, the boiler  performance  would  not  be  affected.  Operation of the reburn  system 
does result in an  increased  auxiliary  power  consumption  (associated  with the operation of the gas 
recirculation  fan). In the  case  of the study boilers, this increase is estimated  at 176 MW. 
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Using the above  parameters  and the costing  methodology  described in Appendix A, both  the 
capital and levelized  costs  have  been  calculated  for  a  boiler size range of 30 to 1,300 MW. As 
shown in Figure 4-6, the capital costs range  from  approximately $1 0 to $37/kW.  The  levelized 
costs at a capacity  factor of 65  percent  range  from  0.28  to  0.95 milskWh and $700 to $2,40O/ton 
NO, removed  (Figures  4-7  and 4-8). The  levelized  costs  at  a  capacity  factor  of 27 percent  range 
from 1.32 to 3.78  mils/kWh  and $1,330 to $3,8OO/ton  NO, removed  (Figures 4-9 and  4-10). 

4.3 SNCR Evaluation 

The following major criteria and  assumptions  have  been  followed in evaluating the SNCR  tech- 
nology for the gas-fired  boilers: 

e The  SNCR  system is designed to reduce the baseline NO, of 0.25 lb/"Btu to the required 
limit of 0.15 Ib/"Btu. 

0 A reagent ratio of 1.5 commensurate  with  the NO, reduction  requirement is used. 

e All of the other criteria  and  assumptions  described  in  Section 3.1.2 also apply  equally  to this 
case. 

The impacts of the SNCR technology  retrofit on the study  boilers are as follows  (refer to Table 
4- I) 

0 The boiler efficiency  reduces  from  85.65 to 85.48 percent.  The  boiler  heat input increases 
from  2,980 to 2,986 MMBtu/hr. The  fuel  flow,  ash  generation  rate,  and  combustion  and  flue 
gas flow rates increase in a direct  proportion to the change in the heat  input. 

e There is an  overall  increase in the  plant  auxiliary  power  consumption due to the  SNCR 
equipment as well as the increased  demand  on the draft fans to accommodate the higher  air 
and  flue gas flow rates.  The  estimated  auxiliary  power  increase is 80 kW. 

e The urea  consumption  requirement for the SNCR system is 155 gal.&. 

0 The  water  consumption  requirement for the  SNCR  system is 1,980 ga1.h. 

Using the above parameters  and the costing  methodology  described in Appendix A, both the 
capital and levelized costs have been  calculated  for  a  boiler size range of 30 to 1,300 MW. As 
shown in Figure  4-1  1 , the capital  costs  range from approximately $3.2 to $28/kW.  The  levelized 
costs  at a capacity  factor of 65 percent  range fkom 0.5 to 1.1 mils/kWh  and $1,220 to $2,8OO/ton 
NO, removed  (Figures  4-12  and  4-13).  The  levelized costs at  a  capacity factor of 27  percent 
range  from  0.6  to  2.1 milskWh and $1,520 to $5,20O/ton  NO, removed  (Figures  4-14  and  4-15). 
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TABLE 4-1 

ORIGINAL  DESIGN  DATA 
TANGENTIAL AND WALL-BURNER TYPE 

GAS-  AND  OIL-FIRED BOILERS 

Parameter''' 

Boiler  size,  MW 

Boiler  load, % MCR 

Boiler  type 

Heat input,  MMBtu/hr 

Fuel consumption, ton/hr 

Solid  waste, l b h  

Boiler eaciency 

Fuel  analysis (wt. %): 

Ash 
Moisture 
Sulfur 
HHV, Btu/lb 

CH4 
C3H8 

HHV,  Btu/fi3 

NOTES 

Gas-Fired  BoilerstL' 

350 

100 

Reheat 

2,980 

64.1 

0 

85.65 

Natural Gas 

85.45 
2.45 
6.61 
1,075 

Oil-Fired  BoilerdL' 

350 

100 

Reheat 

2,895 

79.5 

3 03 

88.15 

No. 6 Oil 

0.1 
0.1 
1 .o 

18,200 

1. Only  data  pertinent  to  the NO, control  technologies  are  shown. 

2.  For  each fuel, the same design data  apply to both the tangential and  wall-fired  boilers. It is 
assumed  that  efficiency is the same  for  both  boiler  types. In practice, there may  be a small 
difference  in the efficiencies;  however, the difference  would be insignificant as long as the 
operating  parameters,  such as excess air  levels, are the  same. 
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5.0 OIL-FIRED PLANT ASSUMPTIONS AND NSULTS 

Both the tangential and wall-fired  boilers  firing No. 6 oil have been  considered in this evaluation. 
The NO, control  technologies  evaluated for these boiler types include SCR, gas  reburning,  and 
SNCR.  The  design data for the representative  boilers  selected  for this evaluation  are shown in 
Table 4-1. It is  to be  noted that the same design data apply to both the  tangential  and  wall-fired 
boilers. 

The  tangential  boiler is a  balanced draft, forced  circulation,  reheat,  single  furnace  boiler. It has 
four  windboxes  located  along the four comers of the furnace. There are  a  total  of 16 burners, 
four per corner.  The boiler serves a 350 MW steam  turbine  generator  and is equipped  with two 
50-percent-capacity  forced  draft  fans, two 50-percent-capacity  induced  draft fans, and an elec- 
trostatic  precipitator for removing  dust from the flue gases  exiting the boiler. 

The  wall-fired  boiler is a  balanced draft, natural  circulation,  reheat, single furnace  boiler.  It is a 
front  wall-fired  boiler  with 20 burners  arranged  four  high  and five wide.  The  boiler  serves  a 
350 MW steam  turbine  generator and is equipped  with  two  50-percent-capacity  forced  draft  fans, 
two 50-percent-capacity  induced  draft  fans,  and  an  electrostatic  precipitator for removing  dust 
from the flue gases exiting the boiler. 

5.1 SCR  Evaluation 

The  following  major criteria and assumptions have been  followed in evaluating  the SCR tech- 
nology  for  the  tangential  and  wall-fired boilers: 

e The SCR  system is designed  to  reduce NO, emission  from  a  baseline  level  of 0.30 lb/"Btu 
to the required limit of 0.15 Ib/"Btu. 

e Since the flue  gas flow conditions at the economizer  outlet  are the same for both the tangen- 
tial  and  wall-fired  boilers, the SCR  system  design  would  be  extremely  similar  for  these 
boilers,  which  permits  a joint presentation  of the cost  data for these boiler. 

o Similar to the  coal-fired  tangential  boiler  case, the evaluation is based  on one representative 
boiler  for  each  boiler  type. 

0 All of the  other criteria and  assumptions  described in Section  3.1 e 1 apply  equally  to this case. 

The  consumables  associated  with the SCR system  retrofit  for the study  boilers  are as follows: 

Auxiliary  power  consumption 500 kW 

Anhydrous ammonia consumption 170 l b h  

Average  catalyst  replacement 1,370 ft3/yr 
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Using the above  parameters  and  the  costing  methodology  described in Appendix A, both  the 
capital and levelized cogs have been  calculated  for  a  boiler size range of 30 to 1,300 MW. As 
shown in Figure  5-1,  the capital costs range  from  approximately $21 to $77/kW.  The  levelized 
costs  at a capacity factor of  65  percent  range  from  0.87  to  2.27  mils/kWh  and  $1,500 to 
$3,80O/ton NO, removed (Figures 5-2  and 5-3). The  levelized costs at  a  capacity  factor of 
27  percent  range  from  1.95 to 5.3 mils/kWh  and  $3,200 to $8,80O/ton NO, removed  (Figures 5-4 
and  5-5). 

5.2 Gas Reburning Evaluation 

The following major criteria and assumptions  have  been  followed in evaluating the gas reburning 
technology  for the oil-fired  boilers: 

e The gas rebum  system is designed to reduce the baseline NO, of 0.3 Ib/"Btu to the  re- 
quired  limit of 0.15  lb/MMBtu. 

e Other criteria and  assumptions  outlined in Section 4.2 also apply to this case. 

The  performance  impacts  of the reburn  technology  on the oil-fired  boilers are as follows: 

e The boiler performance changes, because  with the reburn system 20 percent of the heat  input 
is by  natural gas and 80 percent is by  oil.  The  boiler  efficiency  reduces  from  88.15  to  87.38 
percent.  The  levelized cost estimates  must take into  account the cost increases incurred  in 
f i n g  natural gas rather than No. 6 oil. 

e Firing of natural gas reduces the mount of ash generation  by 58 l b h  and SO, emission rate 
by 620 Ib/hr.  Both of these reductions  benefit the operating  costs. 

Using the above  parameters and the costing  methodology  described  in  Appendix A, both the 
capital  and  levelized costs have been  calculated  for a boiIer size range of 30 to 1,300 MW. As 
shown in Figure 5-6, the capital costs range  from  approximately $12 to $44/kW.  The  levelized 
costs  at  a  capacity factor of 65 percent  range  from 0.8 to  1.6 milskWh and $1,350 to $2,65O/ton 
NO, removed  (Figures  5-7 and 5-8). The  levelized costs at a capacity factor of  27  percent  range 
from  1.2 to 3. I mils/kWh  and $2,000 to  $5,20O/ton NO, removed (Figures 5-9 and  5-1 0). 

5.3 SNCR Evaluation 

The following major  criteria and assumptions  have  been  followed in evaluating the SNCR tech- 
nology for the oil-fired boilers: 

e The SNCR system is designed to reduce the baseline NO, of 0.3 lb/MMBtu to the  required 
limit of 0.15 lb/"Btu. 

e All of the other criteria and assumptions  described in Section  3.1.2 also apply  equally to this 
case. 
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The impacts of the SNCR technology  retrofit to the study  boilers  are as follows (refer to  Table 
4-1): 

0 The  boiler  efficiency  reduces from 88.15 to 87.88  percent.  The  boiler  heat  input  increases 
from  2,895 to 2,904 MMBtu/hr. The  fuel flow, ash  generation  rate,  and combustion and flue 
gas flow rates  increase in direct proportion to the change  in the heat  input. 

0 There is an  overall  increase in  the plant  auxiliary  power  consumption  due to the SNCR 
equipment as well as the increased  demand  on the draft fans to accommodate the higher  air 
and flue gas flow rates.  The  estimated  auxiliary  power  increase is 1  15 kW. 

0 The urea consumption  requirement  for the SNCR system is 210 ga1.h. 

0 The  water  consumption  requirement for the SNCR system is 2,690 gal./hr. 

Using the above  parameters and the costing  methodology  described in Appendix  A,  both the 
capital and levelized costs have  been  calculated  for  a  boiler  size  range of 30 to 1,300 MW. As 
shown in Figure 5-1 1 ,  the  capital costs range from approximately  $4.0 to $32/kW.  The  levelized 
costs at a  capacity factor of  65  percent  range from 0.65 to 1.35  mils/kWh and $1,100 to 
$2,3OO/ton NO, removed (Figures 5-12  and  5-13).  The  levelized  costs at a capacity factor  of 
27 percent  range  from 0.8 to 2.46 milslkWh and $1,350 to $4,1 OO/ton NO, removed (Figures 5- 
14  and 5-15). 
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1 .O INTRODUCTION 

The  purpose  of this report is to record  responses  to  the public comments 
received on the EPA  draft  report,  “Cost  Estimates  for  Sefected  Applications  of 
NO, Control  Technologies on Stationary  Combustion  Boilers.”  The  Comments 
as well as corresponding  responses  are listed for each  commenter  separately. 
All of  the  appropriate  editorial comments, although  not  listed  below, will be 
incorporated in the  next  revision to the  report.  Copies  of  the  correspondence 
containing  these public comments  are  included  as  Attachment 2 in this  report. 

The  report for another  EPA  study,  “Investigation  of  Performance  and  Cost  of NO, 
Controls  as  Applied to Group 2 Boilers,”  was  attached  as  Appendix A to this 
draft  report. The Group 2 boiler study  was  conducted in support  of  the  Phase I1 
NO, control rule under Title IV of  the  1990  Clean  Air  Act  Amendment.  Appendix 
A  was  included  with this draft  report  as  a  reference,  because  the  general 
technical and economic  evaluation  criteria  and  the  design  data for the  typical 
Group 2 boilers described in Appendix  A  formed  a  basis  for  the  evaluations in 
this  report. 

Some  of the  comments  received on the  draft  report  address  items in Appendix A. 
Any  Appendix  A  comments  were  addressed  separately  as  part  of  the EPAs work 
on the Phase I1 rule.  The  discussion  below,  therefore,  does  not  address  any  of 
the  comments  received  on  Appendix A. 

The report in Appendix  A  was  revised  as  a  result  of  the  public  comments and 
reissued in August  1996. In the  next  revision to the  study,  the  new, revised 
report will be included in Appendix A. 

2.0 RESPONSE TO COMMENTS FROM DOE 

The  comments  were  provided in a May 20, 1996, letter  from DOE to EPA. These 
comments along with  the  responses  are  provided  below: 

1. The report  addresses both Groups  1  and 2 boilers. While Group 2 boilers 
are covered  by  Appendix A, no  documentation is provided  for  Group 1 
boilers. 

Response: Appendix  A  was  attached  to  the  report  to  provide  a  reference 
for the  general  economic  evaluation  approach  for  the  study  as well as to 
provide a  reference  for  the  design  parameters  of  the  Group 2 boilers used 
as the basis for cost  estimates. While the  general  economic  approach 
described in Appendix A applies  equally  to  both  Groups  1  and 2 boilers,  the 
design  parameters  for  Group 1 boilers have  been  covered in the report 
itself.  Section 3.0 and  Table 3-1 list design  parameters  for  the  tangential- 
and  wall-fired  boilers  burning  coal.  Sections 4 and 5 and  Table 4-1 include 
similar  parameters for oil-  and  gas-fired boilers. 
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2. No  background  documentation  is  provided  for  the  costs for achieving 0.15 
Ib/MMBtu  of NO,. Furthermore, no basis  is  given  for  the  selection  of the 
0.15  Ib/MMBtu  target. 

Response: Section 2.0 of  the  report  discusses in detail the basis for 
technology  selection  and  economic  evaluation  criteria for achieving  a NO, 
emission rate of 0.15 Ib/MMBtu. As mentioned in Section 2.3 of  the  report, 
the cost  estimating  methodology in most  parts  was  the  same  as  that used 
for a  previous  1995  study  conducted  by  EPA  for  estimating  the  costs  of NO, 
controls for the  Group 2 boilers.  The  report for the  1995  study published in 
August  1995 was  attached to the  subject  study  as  Appendix A. 

A controlled NO, emission  rate  of  0.15  Ib/MMBtu  was  selected  as  a 
reasonable level achievable  with  some  of  the  commercially available NO, 
control  technologies.  The  capabilities  of  various NO, control  technologies 
are fully covered in Appendix A, which lists the  experience  to  date with 
each of  these  technologies.  Section 2.1 of the  study  describes  as  how  the 
selection of  the  0.15  lb/MMBtu NO, limit was  supported  by  this  experience. 

3. The statement in the first bullet  item  of  Section  2.1  regarding low-NO, 
burners  (LNBs),  overfire,air  (OFA)  ports, and gas  recirculation  (GR)  fans  is 
not clear.  If  the  combustion  modifications  are  already in place for some 
boilers,  are  other  technologies  not  technically  or  economically feasible? 

Response: The  first  bullet  item of  Section 2.1 is  a  summation  of  what  is 
discussed in this  paragraph  prior  to  this  item. As stated in the  second 
paragraph  of  this  section,  the  wall-  and  tangential-fired boilers being 
evaluated  were  assumed  to  be  equipped  with  LNBs  (one of the  components 
of  combustion  controls). The first bullet  item of this  section is referring to 
the feasibility of  applying  other  components (OFA and  GR)  of  combustion 
controls to achieve  the 0.15 Ib/MMBtu  limit on these  boilers. As stated in 
this item, it is not  technically  feasible to achieve 40 to 70 percent  of NO, 
reduction by adding  OFA  and/or  GR to  the boilers already  equipped with 
LNBs. 

, - 

4. Inclusion sf overfire  air  ports  with low-NO, burners has been  disallowed in 
the  past NO, control  rules.  Should it  be considered  now? 

Response: The purpose  of  the  study  was to consider all of the 
commercially  available NO, control  technologies for NO, emission  limits 
being considered  for  future  rules.  Consideration  of QFA is important and 
justified because it is a  relatively low capital-cost  approach  that  can  provide 
a  substantial NO, reduction. 

5. The report  appears to be biased in favor of SNCR. Technologies  other 
than those  evaluated in the  study  could  also be used.  There is insufficient 
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discussion in the  study  to  inform  the  readers of reasons for the  study 
conclusions. 

Response: The evaluation  of NO, control  technologies  considered in the 
study  has been based  strictly  on  the  technology  merits  and  capabilities. 
One  of  the  conclusions in the  study  was  that  SNCR is not a  viable 
technology for achieving  the 0.1 5 Ib/MMBtu NO, emission  limit  on  coal-fired 
boilers (this cannot be termed  as  a  favorable  conclusion). It was,  however, 
concluded  that SNCR could be applied  to  gas-  and  oil-fired  boilers with 
proper  requisites,  such  as  adequate  residence  time in the  flue  gas 
temperature  zone  to  support  the  reaction  between  the  reagent  and NO,. 

SNCR  was also  evaluated  for  coal-fired  boilers  based on its  ability  to 
provide substantial NO, reduction. As clearly  stated in the  study, 
application  of SNCR would  depend  on  site-specific  factors,  one  being  the 
presence  of the aforementioned  residence  time  (refer to Section 2.1). 

The study  has  evaluated all of  the  available  commercial  technologies  that 
could be considered for achieving  the  0.15  Ib/MMBtu  emission  limit  (refer  to 
Section  2.0).  The  merits  of  these  technologies  have  been  covered in detail 
in Appendix  A of the  study.  The  study  does  mention  the  possibility  of 
utilizing a  combination  of  technologies  to  achieve  the 0.1 5 Ib/MMBtu  limit, 
such  as  a hybrid system  using  both SCR and  SNCR or a  system using SCR 
in conjunction with portions of  combustion  controls  (refer  to  Section  2.1). 
These  systems  are,  however,  considered  an  optimization  of  individual 
technologies,  and  they  were  not  evaluated  because  of  the  limited  scope  of 
the study. 

The study  draws  from the extensive  work  done  concerning  the  technical 
and economic  evaluation  of NO, controls in the  aforementioned  Group 2 
boiler report. The Group 2 boiler  report  was  attached  to  the  study  report  as 
Appendix  A  specifically to provide  the  readers  with the background 
information on the  approach  and  methodology  used in the  study. 

6. The levelized costs  are  reported  (Table  1-2)  both  with  and  without  the 
capital  charge  component.  The  levelized  costs  should  only  be  reported 
with  the  capital  charge. 

Response: The total  levelized  costs,  including  the  capital  charge,  for  each 
technology  application  are  presented in Tables  1-3  and 1-4 as  well  as in 
Figures  3-1  through 3-40, Figures  4-1  through  4-15,  and  Figure  5-1  through 
5-1 5. Additional  information in Table  1-2 was  specificalty  included  to 
differentiate  between  various  technology  applications  based  on  the 
contribution  of the capital  and  operating  costs to the total levelized  costs. 
This information is useful in that it readily  identifies  the  technologies  that 
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are capital  cost  intensive  as  well as those  that  are  operating  cost  intensive. 
Therefore, we  recommend  keeping  the  information in Table  1-3  unchanged. 

7. There is no supporting  documentation for some  of the  cost  estimates 
presented in Tables 1-2  through  1-4. 

Response: It is not  clear  what  additional  supporting  documentation,  other 
than that  provided in the  study, is required.  The  evaluation  criteria, 
assumptions,  and  economic  factors  are  detailed in Sections 2.0 through 5.0 
and  Table  2-1 ~ The  overall  cost  estimating  approach is presented in 
Appendix  A,  which  also lists the  boiler  design  parameters  for  coal-fired, 
cell-burner,  cyclone, wet  bottom, and  vertically fired boilers. 

The design  parameters  for  wall-  and  tangential-fired boilers burning coal, 
gas,  and oil are  presented in Tables  3-1 and 4-1. In addition,  the 
consumables  associated  with  each  technology  application are presented in 
the various  sections of the  study. All of  the  cost  estimates  presented in the 
study  can be verified  by  using  the  information on csnsumables  and the 
economic  parameters  presented in Table 2-1. 

8.  The  cost  figures  presented in the  study  are  not  consistent. For example, 
Table 1-3  shows  a  levelized  cost  of  $695/ton  for SCR applied to  a  200 MW 
cyclone  boiler  at  a 65 percent  capacity  factor.  Figure  4-21 in Appendix  A 
shows  a  value  of  about  $625/ton  for  the  same  boiler  at  the  same  capacity 
factor. 

Response: Appendix A was attacked  to  the  study  report  to  provide the 
reader  information on  the  evaluation  criteria,  technical  background on each 
technology,  and  design  information on certain  coal-fired boilers used in the 
cost  estimates  for  the  study.  The  design  basis  for  the NO, control 
technologies in Appendix  A  was  different  from  that  used in this  study.  For 
example,  the SCR system in Figure  4-21  of  Appendix  A  was  designed for a 
NO, removal  rate  of 50 percent. In comparison,  the  cyclone-fired SCR cost 
presented in Table  1-3  of  the  study is based  on  a NO, reduction rate of 
approximately  87  percent. 

The  design  basis  for  each  technology  application is clearly  stated in both 
the  study  and  Appendix A. The  costs  are,  therefore,  not  comparable  when 
a difference  exists  between  the two design  bases. 

9. On  Page  1-2  of  the  study, a reference  to  economic  factors  “reported” in the 
EPRl TAG  has  been  provided.  Since  the  economic  factors in the EPRl 
TAG  are  only  examples  and  are  not  meant  to be recommendations,  the 
word “reported should  be  replaced  with  the  term “listed or  “given”. 

, -  

,- 

Response: The  recommended  change will be  incorporated in the report. 
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I O .  The basis  for  the two capacity  factors (27 and 65 percent)  mentioned in 
Section 1.3 of the report  should be explained in greater  detail for the 
levelized  costs in mill/kWh  reported in Table  1-2. 

Response: The  notes  provided  at  the  bottom  of  Tables  1-2  through 1-4 
will be  expanded  to  further  explain  the  basis  for  the  capacity  factors. 

11.  Revise  Table  1-1  to  identify  Group  1  and  2 boilers separately. 

Response: The  recommended  change  will be incorporated. 

3.0 RESPONSE TO COMMENTS FROM ICAC 

-The comments  were  provided in a May 28, 1996,  letter  from ICAC to EPA. The 
comments along with  the  responses  are  provided  below: 

I. 

2. 

3. 

The report  should  note  that  cost  effectiveness  value  (expressed in $/ton of 
NO, removed) will decrease  as  capacity  factor  increase  over  65  percent. 

Response: A  typical  capacity  factor  of 65 percent  was  selected for the 
power  plants in general.  It is recognized  that  there will be plants  operating 
above and below  the 65 percent  factor.  A  note will be added to reflect that 
cost  effectiveness  values  can  vary  with  the  capacity  factor, Le., increasing 
when  the  capacity  factor  decreases  and  decreasing  when  the  capacity 
factor  increases  above  the 65 percent  value. 

The report  should  include  calculated SNCR costs for all boiler/fuel 
combinations.  While  SNCR  alone may not be sufficient  to  reduce NO, 
emissions  to  0.15  Ib/MMBtu in all cases,  SNCR  may be part  of  the 
combinations  of  control  technologies. 

Response: SNCR has  been  evaluated  for all sf the  Group 1 boilers 
considered for the  study.  Further,  Appendix A evaluates  SNCR  application 
on cyclone,  vertically  fired,  and  wet-bottom  boilers.  For  these boilers with 
relatively  low  baseline NO, emissions,  SNCR can  reduce NO, to 
significantly  low  levels.  Viability  of  using SNCR along  with  another 
technology  (as  a  hybrid  system)  for  Group  1 and 2 boilers was  recognized 
in the  report  (refer  to  Section  1.4).  Because  of  the  limited  nature  of  the 
study,  evaluation of  such  hybrid  systems  was  considered  outside  of  the 
scope. 

The report  overestimates initial catalyst  charges  and  catalyst  replacement 
rates for SCR,  and  thus  overestimates  SCR  costs.  Actual original installed 
catalyst  volumes  (cubic  meters  of  catalyst  per MW of plant  capacity)  are 20 
to 75 percent  lower  than  the  volumes  used in the  report.  Improvements in 
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catalyst  technology and experience  over  time  have  allowed  installation  of 
smaller  catalyst  volumes. 

The report  also  conservatively  assumes total replacement  of the catalyst 
.bed  every 3 years for coal-fired  boilers.  This  assumption  inflates  actual 
catalyst  replacement  costs  by  a  factor  of 1.3 to 3, depending on the boiler 
type,  and  therefore  introduces  unacceptable  errors into the  cost 
calculations.  Industry  experience  universally  supports  a  staged  addition- 
replacement  strategy  for  extending  catalyst  life. No SCR  system will 
require total catalyst  change-out  at  the end of the  guarantee  period.  (The 
commenter  has  provided  data  from  certain  operating  installations  and  from 
quotes  by  one  supplier.) 

Response: One  of  the  criteria  for SCR evaluation in the study  was  not  to 
use  staged  catalyst  addition/replacement  (refer to Section 3.1 .I ). This was 
a  conservative  approach,  resulting in conservative  cost  estimates. 

EPA recognizes  that, for most  power  plants,  a  catalyst life management 
strategy  would be desirable  to  extend  the  catalyst life. However,  a  system 
designed for staged  catalyst  addition/replacement  would result in a  larger 
reactor  volume  because  of  the  presence  of  additional  reactor  layers 
.required  for  such  a  design. This system  may  also  have  a  relatively high 
pressure  drop  because  of  the  increased  pressure  drop  resulting  from the 
loading  of  catalyst into the initially empty  layers. For retrofit  applications, 
the merits  of  a  longer  catalyst life would  have  to be evaluated  against  the 
potential  need for additional  space  to  accommodate  a  larger  reactor  and 
consequences  of  higher  pressure  drops. 

Regardless  of  the  above  issues, EPA believes  that  exclusion of the life 
management  strategy  represents  a  more  conservative  approach  that 
addresses  the  site-specific  needs  of  a  variety  of SCR applications.  Since 
this approach  results in conservative  cost  estimates, its use is justifiable. 

The SCR catalyst life and  volume  estimates  for  various  applications in the 
study  were  conservatively  based  on  the  recent  coal-fired  experience in the 
U.S. and coal  characteristics  that  require  more  conservatively  sized  catalyst 
volumes.  Recent  information  from two SCR suppliers  confirms  the  use of a 
%year  guaranteeable  catalyst  life. 

A review  of  the  data  presented  by  the  cornmenter-specifically  from 
operating  installations-shows  that  the  catalyst  volumes in the EPA study 
generally  agree with those in the  data. EPA notes  that the nonoperating 
catalyst  volume  data  provided  by  the  commenter  appears  to  be  low  only 
because of the use  of  a  catalyst life management  strategy  (which  was not 
the basis  for the EPAs figures). 
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4. In reference to Page 2-2, fourth paragraph, sf the  report, SCR  system will 
not necessarily lead to excessive SOa to SO3 conversion  rates; SCR 
catalysts  are available that  oxidize  less than I percent of the SOz to SO3, 

Response: EPA agrees that new  catalysts  have  now  become 
commercially available that  minimize  oxidization of SOz to SO3. The 
excessive SOz to SO3 conversion rate was  specifically  mentioned in the 
report in conjunction  with  applications requiring very high NO, reduction 
rates  (e.g., 87 percent for cyclone-fired  boilers) and those  where relatively 
high flue gas  concentrations of SO2 are  present. For such  applications, 
design measures,  such  as  use of the aforementioned  special  catalysts, 
would  become  necessary. The section  of the report  referenced by the 
commenter will be revised to further  explain  this  issue. 

5. In reference to Pages 3-2 and 3-4 of the report,  catalyst  replacement 
volume  rates  shown on this page  are  high. 

Response: The catalyst  replacement  volume  rates  shown in the report  are 
based on a  catalyst life of 3 years for coal-fired  applications.  As  mentioned 
in the response to Comment 3 above, the design  basis for the SCR  systems 
in the EPAs study did not utilize a  catalyst life management  strategy. This 
approach does result in conservative  catalyst  replacement  rates. 

6. In reference to Page'4-I of the report,  a  catalyst  operating life of 5 years is 
low for natural gas  service;  a life of 8 to 10 years  would  be  more 
representative  of  actual  operating  experience. 

Response: EPA used an operating  catalyst life of 5 years for which 
commercial  guarantees  can  be  obtained  from  different  suppliers.  EPA 
agrees  that  actual  experience  shows an operating life of longer  than 5 
years.  However, unless such  data can be  backed  up  by  commercial 
guarantees, using it  to establish  technology  costs  does  not  appear to be 
justified. 

4.0 RESPONSE TO COMMENTS  FROM  BAKER & BOTTS 

The comments  were provided in a May 20, 1996, letter  from  Baker & Botts to 
Perrin Quarles  Associates,  Incorporated. The comments  along with the 
reponses  are provided below. 

I. Use of the power  factor  scaling  methodology in the EPA's report to  project 
capital costs  from the known  cost  of an SCR application to other  different 
size applications is not valid. This methodology is viable for estimating 
costs for complete  power  plants,  and not for single  technology  applications, 
such as SCR. EPAs costs  show  a  substantial  difference  between  the  costs 
of  SCR retrofits on 200 and 900 MWe plants.  Since SCR lacks the 

7 



assumed  economy  of  scale,  there  should  be  no  cost difference between the 
200 and 900 MWe systems. 

Furthermore, the cost  estimates  available for SCR retrofit applications in 
the U.S. (at Merrimack  and  Mercer  Stations)  do  not  support the EPA's 
estimates. Even though the $/kW costs  reported  for  Mercer (larger of the 
two installations) is lower  than  that  for  Merrimack,  which tends to support 
EPAs methodology,  this  cost  difference  was  for  reasons  other than the 
installation sizes. For example,  the  outdoor  construction for Merrimack 
made it relatively easy to retrofit  the SCR reactor into the proper location in 
the flue gas  duct. 

Response: EPA  believes  that  the  power  factor  scaling  methodology used 
in its study reflects a  practice  commonly  employed  by the utility industry in 
determining capital costs for both complete  power  plants and individual 
equipment  and  technologies. As a  result  of  investigations,  EPA also finds 
that the  cost  models  used in the EPAs estimates  result in conservative 
costs  for  Group 2 NO, controls.  The  following  address  various  issues 
raised by the commenter: 

e EPA notes that use of power  factor  scaling  to  develop costs for 
individual components or systems has  been  reported in numerous 
publications.  One  source  has listed data  from  several publications (a 
total of 15) that confirms use of  power  law  scaling factors for a large 
number  of individual components and systems used in the chemical and 
pollution control systems  (Ref. I). This article  alone provides 
substantial  information to nullify the  concern  raised by the commenter. 

Another  industry  source  has  addressed the scaling  factor issue 
specifically with regards to SCR costs  (Ref. 2). According to this 
source, factors of 0.3 to 0.4 ($/kW  basis)  can be used to scale up the 
SCR costs. The SCR scaleup  factors  used in the EPA study are. 
generally  towards the lower  end  of the range  recommended by this 
source, thus resulting in more  conservative  cost  estimates for larger 
plants. This source  clearly  upholds EPAs use of the power  factor 
scaling methodology. 

SCR retrofit costs for 122 to 750 MWe  plants  have been reported by 
another  source  (Ref. 3). This  data  shows  a  reduction in the SCR retrofit 
cost of approximately 48 percent  between  122  and 750 MWe plants. 
The same  source  provides  another  example of SCR  costs 100 to 375 
MWe plants, showing  a  cost  savings of approximately  41 percent for the 
larger  plant.  These  reported  cases  show  a  greater reduction in the SCR 
retrofit costs for the larger  plants than what  would be obtained using the 
EPAs methodology.  The  commenter's  claim  that the SCR  cost  would 
not reduce for larger  plants is therefore  not  valid. 
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0 EPA  does  not  agree with the  commenter's  interpretation of the cost 
difference between  the  Merrimack's  and  Mercer's  SCR installations. 
Contrary to the  favorable  retrofit  conditions  at  Merrimack alleged in the 
comment,  the  SCR  retrofit  at  Merrimack  has  been  reported to be a 
difficult retrofit, which  required  addition  of  extensive flue gas  ductwork to 
accommodate  the SCR reactor. In addition, the baseline NO, emission 
at Merrimack  was 2.66 Ib/MMBtu  (compared with 1.8 Ib/MMBtu for 
Mercer),  and the system is designed to reinject 100 percent of ash to 
the f~rnace'~). All of these  factors  resulted in an increased capital cost; 
the high baseline  emission  required  a  large  ammonia storage and 
injection  system  and  the  concerns with high flue gas arsenic 
concentrations  because of  ash  reinjection  resulted in a  larger  and 
arsenic-resistant  catalyst. 

EPA  performed an analysis to compare  the  retrofit  cost reported for 
Merrimack  with  those  obtained  from EPAs costing  methodology. 
Attachment 1 presents the results of this comparison,  which 
corroborates EPAs methodology. 

2. EPAs report  shows  a  pressure  drop  increase of 5 inches  of  water  with the 
addition of  SCR,  without  addressing  any  capacity  derates  associated with 
fan capacity  limitations. 

Response: All of the SCR cases in the EPAs report  have  assumed 
replacement of existing  draft  fans  with  larger  fans to accommodate the additional 
gas side pressure  drop.  Therefore,  a  plant  capacity  derate  would  not be required 
with the larger  fans. EPA recognizes  that fan replacement  would not be required 
for all retrofits. However,  the  cost for new  fans  was  added  as  part  of the SCR 
retrofit as a  conservative  measure. 

5.0 RESPONSE TO  COMMENTS FROM BLACK  AND  VEATCH 

The comments  were  provided in a May 23, 1996,  letter  from  Black & Veatch to 
Perrin Quarles  Associates,  Incorporated.  The  comments  along with the 
responses  are  provided  below. 

1. The report should  assume the use of a  catalyst  management plan for SCR 
systems. Using this plan reduces  annual  catalyst  replacement  cost  by at 
least 65 percent.  Such  a  plan  can  be  incorporated  by providing an extra 
layer in the SCR reactor for future  catalyst  addition.  Even in the unlikely 
event  of  the inability to include  a  spare  layer in the  design, an effective 
catalyst management plan can  be  incorporated replacing individual layers. 
This also leads to substantial  saving  when  compared  with  complete 
replacement at the end of  catalyst  life. 
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2. 

Response: As mentioned in the EPAs response  to  the  ICAC's  Question 3, 
the  decision  to  adopt  an SCR design basis without  a  catalyst  management 
plan was  made on conservative  grounds.  Specifically,  this  design 
approach  was  used in consideration  of  those  retrofit  installations  where the 
SCR reactor  size  and  pressure  drop  may  be  important  considerations. 

EPA  agrees  that  a  catalyst  management  plan  would be feasible for new 
installations  and  for many retrofit  installations.  Such  a  plan is expected  to 
result in significant  cost  savings  associated  with  longer  catalyst  life. 
However,  EPA  believes  that an SCR design  basis  without this plan results 
in conservative  cost  estimates  that  reflects  more-difficult-to-control  retrofits. 

Published  data  reporting  results of  SNCR installations  does not support  the 
report's  assumption  that  SNCR  has  a NO, reduction  capability  of 50 
percent.  SNCR  has  demonstrated  capability for reliably  removing 20 to 40 
percent NO, reduction  on  small  to  medium PC boilers  while  maintaining 
ammonia slip in acceptable  ranges.  (The  commenter  has  quoted  data  from 
studies  done  by  the  commenter  as  well  as  published  data  from  a 1996 
ICAC  forum held in Baltimore  that  show SNCR performance  ranging  from 
30 to 40 percent.) 

Response: EPA disagrees  that SNCR has  not  been  demonstrated  at NO, 
reduction  levels  above 40 percent  with  acceptable  ammonia slip levels. 
One  source lists several  coal-fired  applications  of SNCR where NO, 
reduction  levels  of 50 percent  and  above  were  achieved  (Reference 6). 
One  of the listed coal-fired  installations (WEPCO's Valley  Power  Plant)  has 
been  reported to have  achieved 60 percent NO, reduction  with  an  ammonia 
slip of 5 ppm. The  data  quoted  by  the  commenter  also  includes  a  coal-fired 
plant  where NO, reductions of  up to 50 percent  were  demonstrated. . 
EPAs report  states  that  the SNCR  system is capable  of NO, reductions of 
30 to 50 percent.  EPA  agrees  that  not all candidate  plants  would be able to 
achieve NO, reductions  toward  the  higher  end of this  range with SNCR. 
For  retrofit  applications,  this  technology is heavily  dependent on the 
existing boiler design  and  operating  conditions,  such as the flue gas 
residence  time  within an appropriate  temperature  range for reaction 
between  the  reagent  and NO,, temperature  gradient at the  reagent  injection 
plane, baseline NOx,  etc.  Any  one  of  these  factors  can  affect the 
effectiveness  of SNCR. 

Experience  with  SNCR  shows  that  substantial NO, reductions (30 to 50 
percent)  are  possible  with  this  technology  for  coal-fired  retrofit  installations. 
EPA  selected  a 50 percent NO, reduction  level for this  study  to show the 
costs  associated with the higher  end  of  the SNCR pe~ormance. The  next 
revision of the  study will be based  on an average  SNCR NO, removal 
efficiency  of 40 percent. 

10 



EPA analyzed  the  effect  of  lowering NO, reduction  from 50 to 40  percent on 
the study  costs.  For  this  purpose,  the  operating  costs  were  revised  for the 
case  with  tangential-fired  boilers firing coal.  Even  though  the  capital  costs 
for the SNCR retrofit  would  decrease  with  a  reduction  from 50 to 40 percent 
NOx, these  costs  were  not  changed  (resulting in conservative  levelized 
costs). The results of the  analysis  showed  that,  with an NO, reduction  from 
50 to  40  percent, the cost  effectiveness  increased  from $1,378 to 
$I,543/ton NO, removed  for  a  200  MWe boiler and  from $1 ,I 50 to 
$I,262/ton NO, removed for a 900 MWe  boiler. 

The  above  comparison  shows  an  increase in the,total levelized  costs  of 
approximately 12 percent for the 200 MWe  boiler  and 10 percent  for  the 
900 MWe boiler with  the  lower NO, reduction  level (40 percent).  This  is not 
a  significant  change in the  total  levelized  cost. 

3. The  report  does  not  discuss  and  reflect  potential  economic  impacts  caused 
by the  ammonia slip from SNCR  systems,  such  as forced  outages and 
boiler load limitations.  Experience  has  shown  that  numerous SNCR 
installations  need  relatively  frequent  off-line  cleanings of the  air  heater 
when using SNCR with  sulfur  bearing  fuels.  Forced  outages  would  be  very 
expensive  to  accommodate  especially  during  the  summer  peak  season. 
(The commenter  provides  a  reference  to  one  SNCR  installation  and 
mentions  another  installation  without  a  reference, in support of the 
comment.) 

Response: The  commenter  has  not  provided  any  proof  of  the  claim  that 
“numerous”  SNCR  installations  have  reported  forced  outages  due  to 
problems  specific to this  technology.  Only  one  verifiable  reference  has 
been provided  by  the cornmenter to  support  this  claim. 

One  source lists several  references  of  SNCR  installations  where  this 
technology  has  been  successfully  applied  (Ref. 6). As  mentioned  by  this 
source and also  indicated in references  provided  with the report  (refer to 
Appendix  A),  the  operating  problems  indicated  by  the  commenter  can be 
controlled by minimizing ammonia slip levels.  Based on reported 
experience  from many  installations,  EPA  does  not  agree  that  forced 
outages  due  to  ammonia slip are  an  inherent  part  of  SNCR  installations. 

4. The capacity  factor  used (65 percent) in the  economic  analysis  of  the  report 
is too  low.  Likely  target  baseload  units  operating  during  the  5-month “NOx 
season”  are  likely  to  have  very high capacity  factors (85 to 95 percent) 
during  this summer  peak  period. A misrepresentative  value  of 65 percent 
has  a punitive effect  on  capital  intensive  technologies  such  as  SCR. 

Response: EPA  agrees  with  the  cornmenter  that  plant  capacity  factors 
higher  than 65 percent  are  likely  during  the  summer  peak  period  (5-month 
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“NO, season”).  The  use  of  a 65 percent  factor  is  appropriate,  however, 
because it represents  a  basis for comparison of the  cost  estimates. 

5. Currently, this draft  version  appears to be  heavily  biased  towards SNCR 
and  against SCR when  discussing  post-combustion NO, control  systems. 
We believe  that it is misleading  to  imply  that  the  installation  of an SNCR 
system will reliably lead  to 50 percent NO, reduction  with  ammonia slip less 
than 10 ppm with no potential for significant  detrimental  impact on plant 
operation. 

The bias against SCR is demonstrated in paragraphs  such  as the third 
complete  paragraph on Page.2-2  where  catalyst  volume  requirements  are 
described  as  “significantly  large” and SOs conversion  rates are described 
as “excessive.” 

Response: EPA  does  not  agree  that  the  study  reflects  any bias towards 
SNCR  or  against  SCR.  For  coal-fired  applications,  the  study  clearly  shows 
the SNCR  technology  to  not be comparable  to  SCR. The SCR technology 
has been evaluated  as  the  only  technology  capable of reducing NO, 
emissions to 0.15 Ib/MMBtu.  The SNCR technology  has  been  evaluated 
only as  a  technology  that  can  provide  substantial NO, reductions.  Such an 
evaluation  cannot be termed  as  biased  towards  SNCR. 

The  comment  regarding  the 50 percent NO, reduction  with SNCR has been 
addressed in Item 2 above.  The  last  item in the  comment  regarding 
catalyst  volume  and SOs conversion  rates  is  a  misinterpretation  of  the 
statements in the EPAs report.  The  term  “significantly  large” has been 
used in conjunction  with  the  catalyst  volume  requirements  for relatively high 
NO, reduction  efficiencies  required,  especially for Group  2 boilers (e.g., an 
efficiency of 87 percent  for  cyclone-fired  boilers).  Increased  catalyst 
volumes  do  result in increased  capital  costs.  The SO3 conversion  rates 
have  been  mentioned in conjunction  with  high  concentrations  of SOz in the 
flue gas,  which  would  require  consideration  of  catalyst  materials  that 
minimize  such  conversion.  Both  of  these  items  have  been  mentioned in 
terms  of  their  impact on the  cost. In the  next  revision  of  the  report,  these 
items  would be clarified. 

6.0 RESPONSE TO COMMENTS  FROM NALCO FUELTECH 

The  comments  were  provided in a  May 7, 1996, letter  from  Nalco  Fueltech  to 
Perrin Quarles  Associates,  Incorporated.  The  comments  along with the 
reponses  are  provided  below. 

1. The treatment  of  capital  costs may not  appropriately  reflect  the  cost  to  the 
utility plants  subject  to NO, control  regulations.  If  a  capital  carrying  charge 
of 0.11 5 was used in the report  (as in the  Group 2 boiler report  attached as 

- -, 
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Appendix  A), it would be too  low  compared  with  the  commenter’s 
experience  of  carrying  charges  from 0.145 to 0.200 for post  combustion 
NO, controls. In the  deregulation  and  enforced  competition  environment, 
the utilities may  have  to  carry  capital  for  only 5 years, by the  years 1999 
and 2000,  which  would  lead to higher  carrying  charges. 

Response: The  basis  for  the  carrying  charge  is  provided in the  report in 
Table 2-1.  As  shown in this table,  a  carrying  charge  of 0.127 was  used, 
based on information  provided in the  1993  EPRl  TAG  (Ref. 7). This 
carrying charge  is  higher  than  0.1 15 mentioned  by  the  commenter.  EPA 
recognizes  that  the  carrying  charge  as  well  as  other  economic  factors may 
differ for  different  applications.  It  would  not be prudent  to  consider  only  one 
of  these  factors  specific to certain  installations  and  base  other  factors  from 
different  sources.  For  this  study, it was necessary  to utilize criteria  that fit 
typical applications  of NO, controls.  Therefore,  the  criteria  presented in the 
EPRl TAG  was  used  as  the  basis  for  this  study. 

EPA  cannot  agree  with  the  commenter on the  issue of the future direction of 
carrying  charges in the  power  plant  industry.  An  economic life of  only 5 
years  as  mentioned  by  the  commenter is considered  to be only  a 
speculation,  without any  basis. 

2. Since  one  premise  for all the  data in the  report  is  that  LNB  or  combustion 
modifications  have  already  been  employed,  the  gas  reburning  data may 
need to be revised in Table 1-5. The  Acurex  report entitled “Phase II NO, 
Controls for the NESCAUM  and MAMMA Region”  states  that  cost 
effectiveness  diminishes  significantly  for  this  add-on  control  because  the 
NO, reduction  is  only 20 percent  when  LNB  is  already  installed. 

Response: Experience  does  exist  with  gas  reburning  application  on  a 
boiler equipped  with  LNBs.  At  Public  Service  Company’s  Cherokee  Unit 3, 
gas  reburning  was  applied  along  with LNBs  (Ref. 8). NO, reduction 
associated  with  gas  reburning  alone was approximately 46 percent,  well 
above  the 20 percent  level  claimed  by  the  commenter.  The NO, reduction 
achieved at this  installation  falls  within  the  levels  used  for  the  study. 
Therefore,  EPA  cannot  agree  with  the  commenter‘s  concern  regarding  the 
nonapplicability  of this technology  to  units  equipped  with  LNBs. 

3. In Section 3.1 .I regarding SCR, the  statement “It is assumed  that  the 
existing  plant  setting  allows  installation of the SCR reactors  between  the 
economizer  and  air  heater  without  a  need  to  relocate  any  major  structure or 
equipment” is such an egregious  leap, it is better  to  qualify  the  statement 
with the  admission  that  installation  on  a  number  of  sites  would be 
impossible  or  imprudently  costly. 
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Response: EPA  is  opposed  to  adding  any  statement in the  report  without 
a  basis.  Although it was  impossible  to  evaluate  the  SCR retrofit potential to 
the  entire boiler population  considered in the  study,  data  from  several 
published  sources  indicates  that SCR technology  can be readily retrofitted 
to the majority  of  these  boilers.  EPA is not  aware of any published source 
that  has  referenced  power  plants  for  which SCR retrofit  is  impossible  (the 
commenter  has  not  provided  any  references  either). 

During the evaluation  of  the rule for Group 2 boilers, public comments  were 
received  that  provided an indication  of  the  applicability of SCR to the 
boilers in general.  One  commenter  provided  results  of an SCR retrofit. 
feasibility  survey  done on cyclone-fired  (Ref. 9) boilers. Qf the 28 boilers in 
the  survey,  feasibility  of SCR retrofit  was  confirmed on 25 boilers without 
relocation  of major  equipment  or  structures.  Even  for  the  remaining  three 
boilers, it was  reported  that SCR retrofit  was  possible,  although  requiring 
long  duct  runs.  EPA  notes  that  the  Merrimack  installation (refer to 
Attachment 1) required  extensive  duct  runs  between  the  economizer  outlet 
and air heater  inlet,  yet  resutted in reasonable  capital  costs  that 
corroborate the estimates  provided in the EPA's study. 

Another  commenter  (Tampa  Electric  Company) on the rule for Group 2 
boilers  provided  results  of  a  study  (Ref.  10)  that  covered SCR application 
on a  large  number  of  boilers.  Based on this study,  SCR retrofit was 
feasible on all of  these  boilers.  A  large  number  of  other  commenters OR the 
rule presented  examples  of SCR retrofittability  to  their  boilers.  Where  cost 
data  was  provided  by  these  commenters,  EPA  determined  that  any 
differences  between  this  data  and  the  costs  reported  by  EPA  were  mostly 
due  to  different  economic  assumptions used by  these  commenters. In light 
of  data  available  from so many different  sources, EPA  cannot  agree  with 
the commenter  that SCR retrofit  would be impossible or imprudently costly 
on a  significant  number  of  installations. 

9.0 RESPONSE TO COMMENTS  FROM  NORTHEAST UTILITIES 

The  comments  were  provided in a  May 24, 1996,  letter  from  Northeast Utilities 
System  to  EPA. The comments  along  with  the  responses  are provided below. 

In general,  the  report is quite  reasonable  and  complete.  Some of the  cost 
estimates  are  lower  than we have  used;  some  are  higher. 

Response: EPA  acknowledges  the  commenter's  agreement with the  study 
results.  The  cost  differences  are  addressed  below in the  responses  to 
specific  comments  on  costs. 

The SCR retrofit  capital  costs  assume no allowance for relocating any 
existing  structures  or  equipment. In general,  this is a  bad  assumption. 
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Response: The study  assumes  that relocation of any major equipment  or 
structure would not be required as  part of the SCR retrofit.  Cost 
allowances  have been provided for relocation of  minor  equipment, 
ductwork,  and  piping. This assumption is considered  reasonable,  since the 
majority of new  equipment  required for SCR retrofit (tanks,  pumps, 
vaporization system, piping, etc.)  does  not have to be installed in any 
specific location  within the plant.  The SCR reactor is located  between the 
economizer  outlet  and air heater.  For the majority  of  power  plants,  this 
reactor  can be accommodated in the  space  above  or on the side of the air 
heater (refer to the response to Comment 3 from  Nalco  Fueltech). 

3. The report  does not mention  including  cbsts for wastewater  treatment 
facility modifications  that  might be required to handle SCR  ammonia plant 
wastes and washwater  wastes. 

Response: In the extensive  published  data  available for operating SCR 
facilities, wastewater  treatment  problems  due to ammonia  contamination 
have not been raised as an  issue  for  this  technology.  Even  without SCR, 
ammonia  storage  and  handling  would  generally  be part of a  power  plant  for 
water  treatment  purposes.  Ammonia  system for SCR would  therefore  pose 
no new  issues  for  power  plants in terms of handling  any  occasional 
spillages or  leakages. 

The SCR  systems  are  designed to minimize  ammonia  slip. The design 
basis used in the EPA's study  was  a  maximum  ammonia slip level  of 5 ppm. 
At these  levels,  it  can  be  expected  that  minimal  amounts of  ammonium  salts 
would end  up in the wastewater  streams  from  washdown of equipment in 
the flue gas  path. The reported SCR experience  confirms  this. 

4. The coal unit sulfur  content  assumed in the report is only 0.8 percent by 
weight.  Higher  sulfur  coal  applications  may  result in air heater  pluggages, 
incurring downtime  costs  and air heater  capital  work. SO3 formation in the 
reactor can  accelerate  downstream  corrosion  and  produce  opacity 
plume/acid fallout problems. 

Response: The SCR  system  design in the report is based on restricting 
the ammonia slip to a level below 5 ppm.  At this level of ammonia  slip, 
problems  due to formation  of  ammonium  bisulfate,  such  as air heater 
pluggages,  are  not  expected to occur  (Ref. 6). In addition,  catalysts  are 
now commercially  available  that  minimize  oxidation of SO2 to SO3. EPA 
therefore  does not believe  that SCR poses a problem with regards to 
corrosion or opacity  plumelacid  fallout. 

5. The levelized carrying  charge  factor  assumed  by EPA is only 60 percent of 
the value  commenter  would  use. 
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Response: The  carrying  charge  factor (0.127) used in the EPAs study  has 
been taken  directly  from  the  1993  EPRl TAG. This  factor is based on a 
useful plant life of 20 years  and  a  constant  dollar  approach.  It  should be 
noted that,  based on a  current  dollar  approach]  the  equivalent  carrying 
charge  factor  would be 0.199,  which is approximately  41  percent  higher 
than the  constant  dollar  factor  used  by  EPA.  Other  economic  assumptions, 
such  as useful plant  life,  can  also make a  significant  difference in the 
carrying  charge  factor  value.  Since  the  commenter  has not provided  the 
basis for commenter's  carrying  charge  factor,  EPA is not in a position to 
elaborate  further. 

The EPAs study  applies  to  a  variety  of  boiler  applications.  It is recognized 
that  differences  would  exist in the  economic  factors  applicable  to  different 
applications.  However, EPA believes  that  the  factor  chosen  from  EPRI 
TAG yields  reasonably  accurate  cost  estimates  for  typical NO, control 
installations. 

6. The anhydrous  ammonia  cost  assumption  is  about 20 percent  less  than 
experienced  at  Merrimack. 

Response: Ammonia  costs  used  by  EPA  were  derived  from reliable 
sources  that  provided  the  average  ammonia  costs  within  the U.S. for the 
evaluation  periods used in the  study  (refer  to  Section C.2 of  Appendix A). 
Use  of  this  average  cost  is  considered  more  prudent  for  the  study  that 
covers  a large population  of  boilers in this  country. 

7. No mention is made  of  the  disposal  cost of used SCR catalyst.  Ash 
disposal  costs  are  about 33 percent  less  than  the  commenter's  experience. 

Response: The disposal  cost  of  used SCR catalyst  are part of  the  catalyst 
replacement  cost  (which  will  be  noted in the  next  revision to the  study). 
The ash  disposal  costs for the  study  are  based  on  the  cost  data in the  1993 
EPRI  TAG. 

8. The reported  technology  costs in the  study  do not match  the  comrnenter's 
experience; EPAs SCR  costs  are 20 to 25 percent  lower for coal 
applications  and  about  one-third  lower  for oil or oiI/gas  applications.  The 

' reported SNCR  costs  for oil or oillgas units  are more than 50 percent higher 
compared  with  the  commenter's  estimates. 

Response: The  technology  costs  are  highly  dependent on the  system 
design  basis,  equipment  redundancy,  and  contingency  factors  used in the 
estimates.  Since  such  information  is  not  available  for  the  commenter's  cost 
estimates,  EPA is not in a  position to further  address  the  cost  differences 
quoted by the  commenter. 
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9. 

10. 

11. 

12. 

8.0 

Natural gas  assumptions  for  reburn  on oil unit should reflect the higher 
pricing more  representative  of  noninterruptible  gas  contracts (typically 20 
percent of total unit heat input). 

Response: The natural  gas  price  used in the  study reflected the 1995 
price, and  it  was taken from  a  reliable  published  source  (Ref.  11) This 
price reflects average  price for gas paid by utilities. 

Large  variations in NO, reduction  equipment  capital  cost  estimates on many 
of commenter’s  smaller  units  can  be  seen in the  asymptotic scaling factors, 
which the report applies to units  less  than 200 MW. The same  effect  can 
be seen for levelized annual  costs. 

Response: EPA  agrees  with the commenter  that the costs  increase  at  a 
higher rate as the unit size  reduces,  especially  below 200 MWe.  However, 
this is strictly because, for small  units,  even  a  modest  reduction in size 
represents  a significant percentage. 

The report summary  table for oil and  gas  fuels  shows  that  SNCR is 
50 percent  or  less of the  cost  of  SCR  on  units  of the commenter’s  size. 
This cost  comparison is generally  true  for  low  and high capacity 
assumptions  and  on  a  basis of $/kW and  $/ton  of NO,. 

Response: EPA  acknowledges  the  commenter’s  agreement with the 
comparison  shown in the  study  between SNCR and SCR. 

Adding natural gas  reburn to a  pressurized  unit can be a  safety  hazard. 
The report should  mention  such  limiting  application  factors. 

Response: EPA  disagrees with the  commenter  that  gas  reburn  cannot be 
applied to pressurized  units.  Natural  gas-fired  boilers  are  generally 
designed for pressurized  operation.  Established industrial codes  and 
standards  exist to ensure  that  these  boilers  are  designed  and  operated 
without  compromising  safety.  Furthermore,  gas reburning has  already 
been successfully applied to  a  pressurized  boiler  (Ref. 8).  

RESPONSE TO COMMENTS FROM HUNTON &WILLIAMS 

The comments  were provided in an  August 7, 1996,  letter  from  Hunton 8, 
Williams to EPA. The comments in this  letter as well as in the report  (Ref. 12) 
attached to this letter  have  been  addressed  below. 

1. The key  assumption in the EPA’s  analysis  is  the  use of a  power-law scaling 
relationship to project  capital  cost  over a wide  range  of  generating  capacity 
and  process  conditions.  Using  this  approach  can  introduce  significant error 
if the range over which cost is projected  is  too  large.  Generally, the range 
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of  extrapolation  should be within  a  factor  of two so as  not to require 
changes in process  design;  otherwise  an  inappropriate  design is 
considered  as the cost  basis. 

.Response: EPA has utilized a  power-law  scaling  methodology for its cost 
estimates  that is commonly used  throughout  the  power  and  other  industries. 
For all of the  Group 2 boilers,  the  scaling  factors  were  developed  from  cost 
estimates  generated  for two boiler  sizes in each  Group 2 category (for 
Group 1 boilers,  appropriate  factors  were  selected  based on Group 2 boiler 
factors). A comparison  with  cost  data  from  other  published  sources  shows 
that these  scaling  factors  result in more  conservative  cost  projections for 
the boiler  size  range  (refer to the  response to Comment 1 from  Baker & 
Botts). 

The commenter's  premise in restricting  the  range  of  cost  extrapolation  to  a 
factor  of two is based on the  concern  that for larger boilers the  technology 
design  basis  would  be  different  than  that  used for the  smaller  boilers. EPA 
does  not  share this concern. For larger  boilers,  any  changes in the 
technology  design  basis  would  account  for  the  increased boiler size (or flue 
gas  volume); the equipment  associated  with  the  technology  would  increase 
in proportion to the increase in the  boiler  size. This does  not  amount to a 
change in the  fundamental  design  basis  for  the  technology  retrofit. 

The cost  estimates  presented in the EPAs study  do  not  reflect  the  concern 
raised by  the  commenter. As shown in the  cost  curves  attached  to the 
study,  the  capital  costs for the  technology  retrofits  do  not  drop off rapidly  for 
larger  boilers. For example, the largest  cyclone boiler sine  used in the 
estimation  of SCR  scaling  factor  was  400  MWe.  Using the extrapolation 
range of  two  as  recommended  by  the  commenter,  this  scaling  factor  can be 
applied  up  to  a beiler'size of  800  MWe. 

As shown in the  study,  the SCR capital  cost  for 800 MW is approximately 
$48/kW. For the largest  cyclone  boiler  of 1,200 MW, using  the  scaling 
factor  developed in the  study,  the  capital  cost  projection is approximately 
$44/kW-a  cost  reduction  of  only  8.3  percent. It is obvious  that,  even if it 
were  to be assumed  that  the SCR  cost did  not  vary  between  800  and 
1,200 MWe  boilers,  there  would  be  a  negligible  effect  on  the  levelized 
costs. This same  analogy  applies  to all of the  cost  estimates  presented in 
the EPAs study. 

2. The  baseline NO, rates  assumed for the  oil- and gas-fired  boilers  are 0.3 
and 0.25 Ib/MMBtu,  respectively.  Based on these  levels,  the  study 

0.1 5 Ib/MMBtu NO, level.  However,  the  national  boiler  population  may 
contain  a  significant  number of units  that  produce NO, in excess  of the 
assumed  rates. Also, reburn may be  limited  to 35 percent NO, reduction  for 

' assumes  that  gas  reburn  and  SNCR  can be applied  to  achieve 
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those units  where  LNB  and OFA are  already  present. SNCR  may be 
limited to  35 percent NO, reduction  on  sulfur  bearing  fuels.  Subsequently, 
it can be  concluded  that SNCR and  gas reburn are  not  capable  of achieving 
the 0.15 Ib/MMBtu  limit  on all oil-  and  gas-fired  boilers. 

Response: The possibility of selected NO, controls  not achieving-the 
0.15  Ib/MMBtu  limit  on  some  boilers  has been clearly  recognized in the 
EPA  study. As stated in Section  1.4,  it  has  been  noted  that  some boilers 
may  be controlled to levels  higher  than 0.15  Ib/MMBtu while others to levels 
below this  limit. 

3. Additional information is requested  regarding  key  assumptions for the 
study: basis for 20  years  remaining  life,  specification  of  space velocity for 
SCR, design concepts  assumed to provide  load  following  capability for 
SNCR,  residence  time  assumed for the boiler population for reburn,  and 
specifics of calculating levelized  cost  and  cost  per  ton  from  information 
presented in the summary  table. 

Response: Responses to various  comments  raised  are provided below. 

A  remaining life of 20 years was  assumed  based  on  data reported in 
published sources  as well as  the  power  industry trend towards 
prolonged operation of  older  plants. High costs  of  new  power plants 
and  moves  towards  deregulation  are  expected to maintain  a  competitive 
environment  that  would  make  extended  operations  of  older  plants 
economically  attractive. 

Use  of  a  remaining life of  20  years is fully supported by published data. 
In one  study, an economic life of 20 years  was  used for SCR retrofits at 
several  plants in the Pacific Gas and Electric's system  (Ref. 13). In 
another SCR  study,  the  average  economic life used for several plants in 
the Tampa Electric's system  was  19.2  years  (Ref .I ). 

0 For all Group  2  boilers,  sufficient  information is provided in the  study for 
estimation of space  velocities; flue gas  flowrate  and the temperature at 
the economizer  outlet  are  provided,  and  catalyst  volume  can be 
estimated  from the annual  replacement  requirement multiplied by the 
3-year  life. For Group I boilers,  catalyst  volumes have already been 
provided. Flue gas  flowrates  and  temperatures will be added in the next 
revision of the report. 

Design concepts  for  load  following  with SNCR are  covered in 
Appendix A. Specifically,  several  levels of reagent  injections are 
included for each  application to provide  the  capability for varying the 
location of reagent  injection  with  changes in the flue gas  temperature 
profile as the boiler load changes.  A  microprocessor-based control 

19 



system  with  boiler  load  feedback  from  the  plant  controls is included  with 
each SNCR  application.  Automatic load following  can be affected  by 
these  controls. 

0 The EPA's study  assumes  that  gas  residence  times in excess  of 
0.25 second  will be available  for  gas  reburn. 

o The methodology  used  for  estimating  the  levelized  costs  has been 
described in detail in Appendix A. For  each  technology  appiication, 
estimates  of  consumables  are  clearly  listed  that  have  been  used in the 
estimation of levelized  costs.  Table  2-1 lists the  economic  factors  for 
these  costs. 

4. Recognize and account for an approximately  20  percent  of  the  oil-  and  gas- 
fired boiler inventory  that will not  be  operating  at  RACT NO, limits of 0.3 
and 0.25 Ib/MMBtu used in the  study for these  boilers,  respectively. 

Response: Refer  to  the  response to Comment 2 above. 

5. The Title IV rule for  Group  2  boilers  specifies NO, emission limits of 0.94 
and 0.68 Ib/MMBtu  for  cyclone  and cell burner  boilers,  respectively. 
However, the study  uses  limits  of 1 . I7  and 1 .O IblMMBtu for these  boilers. 
These  higher  rates  increase  capital  cost and lower  cost per'tsn of NO, 
removed.  Recommend  use of Title IV  limits for all boilers. 

Response: The  baseline NO, rates ( I .  17 and 1 .O Ib/MMBtu) used for 
cyclone and cell-burner  boilers  represent  the  current  average  emission 
rates for these  boilers. EPA will revise  the  costs  to  reflect  the Title IV, 
Phase 2 NO, limits. 

6. The  study  covers  the  entire  national utility boiler population,  which  makes it 
impossible to provide  a  detailed  evaluation of each  candidate  boiler.  EPA 
should  recognize  the  uncertainty  regarding  application of the results of this 
study to the  entire  boiler  population,  and  assign an appropriate  margin  of 
error.  At  a  minimum,  the  study  should  also  include  specific  process  design 
(equipment listsilayout drawings) for each boiler category,  and  use  of 
power-law  derived  costs  should  be  limited  to  only  small  capacity  changes. 

Response: EPA agrees  that  site-specific  differences  for  the  candidate 
boilers  would  affect  the  design  requirements  and  costs  for  each  technology 
application.  However,  the  study  was  conducted  with sufficient 
conservatism built into  the  technology  design  bases and cost  estimates to 
address  the  variations  expected  between  different boiler sites.  EPA 
believes  that  the  margin  of  error  sought  by  the  commenter is already built 
into this  study.  EPA  also  believes  that  use  of  the  methodology  and 
information  generated for the Title IV,  Phase 2 NO, rule provided  a  credible 
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and effective base for the study to uphold  accuracy  of the study  results. 
The concern  regarding the power-law  derived  costs  has  already been 
addressed in the response to Comment 1 above. 

7. EPA  should  further  define the boilers  that  served  as  “baseline” for the 
analysis,  disclosing site features,  balance-of-plant  equipment,  and the 
anticipated  process  impacts. 

Response: EPA  believes  that  the  report  includes  sufficient information on 
each boiler to inform the reader  of  the  basis for cost  estimates. The 
information  provided for each boiler includes  design  data, fuel analysis,  and 
description of boiler backend  equipment. In addition,  needs for existing 
equipment  modifications or replacements  and  other  process  impacts, such 
as changes in fuel and auxiliary power  consumption, are-clearly identified. 
The comment is not  clear  as to what  additional  information is being sought 
and for what  purpose. 

8. €PA should recognize  a certain fraction of boilers feature site conditions 
that present  a  greater  challenge  than  assumed  for this analysis,  and thus 
will incur  higher  costs.  Accordingly,  some  boilers may require a  premium 
for further  “scope  adders”  beyond  that  assumed  by  the  Bechtel  database. 

Response: The commenter  has not provided  any  example  of  requirements 
beyond  those  represented by “scope  adders” listed in the  study. Without 
specific reference to such  requirements, it is not possible for EPA to 
address  them. It should also be  noted  that  contingency  allowances  have 
been included in each  cost  estimate  for  the  study,  which  would  provide 
coverage for additional  requirements  at certain sites  (refer to the discussion 
in Attachment 1)- 

9. Even  though the study  claims use of the costing  methodology in the EPRl 
TAG, it has  ignored the requirement for AFDC (allowance for funds used 
during construction)  included in the TAG. Since  the  construction period for 
SCR is anticipated to be 1 year,  ignoring AFDC  amounts to understating 
capital costs  by  nominally 5 percent. 

Response: The construction period for SCR retrofits would  depend on the 
plant size  as well as  other  site-specific  conditions.  For  a relatively difficult 
SCR retrofit at the 330 MWe Merrimack  installation, the total project 
schedule  from  authorization to proceed to completion  of  construction  took 
only I 1  months  (Ref. 11) This schedule  covered  design,  fabrication, 
delivery,  and  construction.  Based on this experience, it is obvious  that the 
1 -year  construction period quoted by the  commenter is excessive. 
Furthermore,  even  if 1 year is assumed to be  applicable to certain special 
situations, the 1993 EPRl  TAG used for the  study  recommends  no  AFDC 
allowance for construction  periods  of  up to 1 year. 
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I O .  A capital recovery  factor  of 0.127 is appropriate  for  a  remaining plant life of 
20 years, and it is in accordance  with  the  recommendation in the EPRl 
TAG.  However,  a  remaining life of  20  years  appears  to be too high for the 
national boiler population. Recommend using  a  remaining life factor  of 17 
to 18,  which  would  also  require  increasing  the  capital  carrying  charge  from 
0.127 to 0.14. 

11 ~ Response: The  response  to  Comment 3 above  has  already  addressed  the 
comment  on the remaining  plant  life.  EPA  fails  to  understand  the 
recommended  increase in carrying  charge  from  0.127  to  0.14 for a change 
in remaining life from  20 to 17/18  years.  The  commenter  agrees  with  the 
EPRl's carrying  charge  factor  of  0.127  for  a  20-year  life.  However, the 0.14 
factor is well  beyond  what  the  EPRl  TAG  shows  for  a  remaining life of  17  or 
18 years (0.1 30 and  0.1  29,  respectively).  It is  ta be noted that  even if 
factors in the  EPRl  TAG  for  a  17-  or  18-year life are  used,  they w.oufd not 
make  any  appreciable  difference in the EPA's  cost  estimates. 

12. In general,  higher  SCR  retrofit  costs  would be expected for an application 
whose  inlet NO, concentration  is  greater  than  for  another  application. The 
cost  estimates  presented in the  study  do  not  follow  this well accepted  trend. 
The reported  costs  for  wall-fired  boilers  are  the same as  those for cyclone 
or cell burner  boilers,  despite  a  significant  difference in the inlet NO, 
concentration  for  these  boilers.  This  implies  that  the  costs  are  under- 
reported for boilers with  higher NO, concentrations,  especially  the  cyclone 
boilers. EPA should  recognize  the  potential  for  errors in capital  cost  due to 
the selection  of  reference  site  and  extrapolation  from  the  Bechtel  database 
over  generating  capacity  and  process  conditions.  These  results  further 
support  UARG-suggested  capital  cost  estimates (- $1 8/kW higher). 

Response: The EPA  agrees  that  inlet NO, concentration  would  affect  the 
SCR catalyst  volume  requirement  and,  therefore,  the  associated capital 
costs.  However,  the  costs  generated  for  one  boiler  category  should  not  be 
compared  with  those  for  another  category. For such  a  comparison to be 
valid, it would  become  necessary to use an exactly  similar  design basis for 
all boiler categories,  including  fuel,  excess  air  rates,  boiler  efficiency, 
turbine  configuration,  main  steam  conditions,  turbine  heat  rate,  etc. In 
reality,  differences  exist  between  boilers in all of  these  factors,  each  one  of 
which  can  affect  the SCR design  (and  therefore  the  associated  costs). 

The differences  quoted  by  the  commenter in the  reported  cost  estimates 
are  due  to  the  differences in the  selected  boiler  designs  and in the  cost 
scaling  factors.  It is apparent  that  cost  impacts  of  these  differences  have 
compensated  for  the  cost  differences  due  to  inlet NO, concentrations so 
that  the  costs  reported  for  200  MWe  cyclone,  cell  burner,  and  wall-fired 
boilers are fairly close  to  each  other.  This  also  became  possible  because 
the  total installed costs for SCR  do  not  vary  by large amounts  between 
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different inlet NO, concentrations  (or NO, reduction  efficiency 
requirements). 

One  source  reporting  the SCR costs  for  different NO, reduction  efficiencies 
shows  a  difference  of  approximately  $2/kW  between  efficiencies  of 70 and 
80 percent  and  $4/kW  between  efficiencies  of 80 and 90 percent  (Ref. 14) 
for  a  200  MWe  plant. The differences  are  even  smaller for a  larger  plant, 
which  were used in EPAs estimates.  As  explained  above,  the  effect  of 
even small  differences in the  boiler  designs  and  scaling  factors  on  the SCR 
costs  can  easily  equate  to  that  caused  by  the  differences in NO, reduction 
efficiencies. 

The objective of the EPAs study  was  to  develop  reasonable,  representative 
costs  for SCR retrofits. For this  purpose,  several  conservative  design 
assumptions  were  made  and  contingency  factors  were  added to provide 
costs  that  cover  a  wide  variety  of  conditions  expected  to be prevalent  at 
various  sites.  Because  of  a  variety  of  applications  and  design  conditions, it 
was  not  possible  to  maintain  exactly  the  same  amount  of  conservatism in 
each  cost.  This led to apparent  differences in technology  costs  when 
compared  based  on  a  single  system  parameter,  such  as  reflected in the 
commenter’s  comment  regarding  the SCR costs  for  wall-fired, cell burner, 
and cyclone  boilers. 

EPA believes  that  the  design  basis  used in its study for SCR applications 
has  resulted in conservative  costs.  One  factor  used in this  design basis 
was  to  exclude  consideration  of  a  catalyst life management  strategy. As 
pointed out  by  other  commenters  on  this  report  (ICAC  and  Black and 
Veatch),  use  of  this  strategy in the  study  could  reduce  the initial catalyst 
charge  by  as  much  as  20  to 75 percent  and  the  overall  catalyst 
replacement  cost  by  at  least 65 percent. In light  of  these  comments, EPA 
cannot  agree with the cost  increase of $1 8/kW  suggested  by  the 
commenter. 

13. NO, reduction  efficiencies of higher  than  80  percent  are  not  appropriate  for 
coal-  and  oil- fired applications.  Several  factors may limit NO, reduction 
capability  to 80 percent,  such  as  a  need  to  maintain  a  strict  limit (‘3 ppm) of 
ammonia  slip,  achieving  uniform NO, and NH3 mixing,  and  managing 
maldistribution in flue gas  velocity. 

Response: The  commenter  has failed to  cite  any  references  to  support  the 
80  percent  limit.  EPA  considers  the  concerns  raised  by  the  commenter  to 
be speculations.  Application  of SCR to  achieve  greater  than  80  percent 
and as high as 90 percent NO, reduction  efficiency  has  been  reported  for  a 
large number  of operating  units  (Ref.  15). 
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14.  EPA  should  recognize  that  the  increase in complexity  of  SNCR technology 
with greater  generating  capacity  will  negate  any  economies  of  scale, and 
employ  the  capital  requirement  developed  at 200 MWe for all capacities. 

Response: In the EPAs study,  the  costs  were  developed  for boilers larger 
than 200 MWe. For example,  the  boiler  size  used for tangential boiler firing 
coal  was  348  MWe  (refer  to  Table  3-1).  The  design  basis  used for SNCR 
takes  into  consideration the items  quoted  by  the  commenter  for  larger 
boilers.  It  is  therefore  not  understandable  why  the  economies of scale 
would not  apply  to  SNCR.  Additionally, the scaling  factors  used in the 
study  do  not  result in significant  cost  reductions  for  larger  boilers,  similar  to 

. I  the  case  described  earlier  (refer  to  the  response  to  Comment 1 above). 

15.  EPA  should  recognize  that  the SCR costs  projected  are applicable to 
natural gas firing. A  cost  premium  should be included  for  applications to 
sulfur  containing fuel oil. 

Response: The study  has  addressed  the oil and  gas firing applications  for 
SCR  separately.  Appropriate  design  factors  have  been  used for these two 
fuels,  with  consideration given'to sulfur  content in oil. The reported capital 
costs for SCR application  on oil are  significantly  higher  than  those  on  gas. 

16. For both SNCR and  reburn  on  gas  and oil firing, the  potential for requiring 
increased  complexity  for  either  reagent or reburn  fuel  injectors  with higher 
capacity may negate any  economies  of  scale.  Thus,  capital  requirements 
developed at 200 MWe  should be applied  to all capacities. 

Response: Both  boilers  used  for  gas-  and  oil-fired  applications  were 
350 MWe.  {Refer  to  the  response  to  Comment 14 above  for  further 
justification  of EPAs approach.) 

17. The assumptions  that  coal  reburn,  SNCR,  and  natural  gas reburn on coal 
firing cannot  provide  sufficient NO, reductions  to  achieve 0.15 lb/MMBtu 
limit  are  appropriate. 

Response: EPA  acknowledges  the  commenter's  agreement with the  study 
approach  regarding  coal  and  gas  reburn  and SNCR applications on coal- 
fired boilers. 

18.  On  coal  and oil applications, SNCR should be limited to 25 to 30 percent 
NO, reduction. 

Response: SNCR  technology  has  been  demonstrated  to  achieve NO, 
reduction  levels of 30 to 50 percent  (Ref. 6) which was  used  as  a criterion 
for this study.  EPA  cannot  agree  with an arbitrary  limit  of 25 to 30 percent 
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set by the commenter  (refer to the response to Comment 2 from Black and 
Veatch). 

19. The report should  identify  the  following: 

Specified  limit (if any)  on  conversion  of SOz to SOs 

0 Presence  of  an  economizer  bypass 

Fraction of the boiler population  that  must  address  unusual site 
features,  and  significant  equipment  location 

Response: The study  was based on the methodology  used in deriving the 
NO, control  costs for the  Group 2 boiler  rule. The Group 2 boiler report 
was  attached to this study  as  Appendix A. This report  does  address the 
above  comments:  the  design  basis for SCR restricted SO2 to SOs 
conversion to a maximum of I percent  and  an  economizer  bypass is 
provided with each SCR application.  The  design  basis for the study did not 
assume  any  major  equipment  relocation as part of SCR retrofit. In light of 
extensive  published  literature  showing no need for such  relocations,  the 
EPA  considers  this  assumption to be valid (refer to the  response to 
Comment 3 from  Nalco  Fueltech). 
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FOR 

MERRIMACK’S  SCR  INSTALLATION 



CORROBORATION OF THE  CAPITAL  COST 
FOR 

MERRIMACK'S  SCR  INSTALLATION 

For  the 330 MWe Merrimack  installation  designed  for  a 65 percent NO, removal 
efficiency, the total capital  cost  was  reported at  $56/kW  (Ref. 1, 2). Also,  space 
limitation  at this site  required  addition  of  a  significant  amount  of  additional 
ductwork and support  steel for this  retrofit.  The  baseline NO, emission for this 
unit  was  also  unusually  high  (2.66  Ib/MMBtu),  thus  requiring a relatively  large 
and  expensive  ammonia  handling  system. 

The  information  available  from  Merrimack was  used  to  corroborate  the  costing 
methodology  used in the EPA  study.  A  comparison  of  the  Merrimack  cost with 
the EPA-reported  costs  requires  some  adjustments in EPA's  costs,  because  of 
the  differences in the  design NO, reduction  efficiency  (65  versus 50 percent)  and 
the  baseline  NOx  emission  levels (2.66  versus 4.3 to 1.4 Ib/MMBtu).  The 
comparison  strategy  consisted  of  developing  a  capital  cost  based  on  design 
criteria similar to Merrimack  while  using  the EPA costing  methodology  (Ref. 3). 
The capital  cost  developed  with  this  approach  could  then be compared  with the 
actual  Merrimack  cost  for  validation  purposes. 

Table I shows  an  equipment list for  the  Merrimack  installation.  This list has 
been  prepared  from  published  information  (Ref. 1,  2) and information  received 
by EPAfrom the  system  supplier  (Ref. 4). It should  be  noted  that  this installation 
did not require some  of the  existing  plant  modifications  that  were  included for the 
boilers used in the  EPA  study  (e-g.,  replacement  of  the  existing  draft  fans and an 
economizer  bypass).  However,  being  a  moderately  difficult  installation, 
Merrimack did require  extensive flue gas  ductwork  to  accommodate  the  SCR 
within the existing  setting  and  a  bypass  around the  SCR reactor. 

Table 2 shows  the  capital  cost  estimate  for  the  Merrimack  retrofit.  This  estimate 
utilizes the same  cost  model  that  was  used to generate  costs  for  the  EPA  study. 
As shown in Table 2, the  total  plant  capital  requirement is $68.53/kW,  which is 
higher  than the actual  cost  reported  for  Merrimack  of  $56/kW.  Thus,  this 
comparison  confirms  the  conservatism  used in the  cost  methodology utilized in 
the  EPA  study. 

It  should be noted that  the  estimated  cost in Table 2 is higher  than  the  reported 
cost  by  approximately  $12.5/kW.  This  difference  is  greater  than  the  combined 



" 

value of the  process  and  project  contingencies  (which is $1 1.3/kW). This 
comparison  supports  the EPAs belief  that  the  contingencies  used in the EPAs 
cost  estimates  can  cover  any  additional  costs  that  might, in rare  cases,  be 
incurred  at  certain  atypical  installations  because of site-specific  factors. 
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Table I 

1 

Item 

SCR reactor 

MAJOR  EQUIPMENT LIST 
MERRIMACK  SCR 

BOILER SEE: 330 MW 
ANHYDROUS  AMMONIA-BASED 

3 Anhydrous  ammonia  storage 

2 Compressors 

2 Electric  vaporizer 

1 Mixing  chamber 

I Lot  Ammonia  injection  grid 

1 Lot  Ammonia  supply  piping 

I bot Air  ductwork 

DescriptionlSize 

Vertical  flow  type, 1,615,350 acfm 
capacity,  equipped  with  a  plate 
type  catalyst  with  14,124 ft3 volume 
placed in two layers,  insulated 
casing  with two empty  layers  for 
future  catalyst  addition, 
sootblowers,  hoppers,  and  hoisting 
mechanism for  catalyst 
replacement 

Horizontal  tank, 250 psig  pressure; 
87.5-ton  storage  capacity 

Rotary  type,  rated  at 400 sdm and 
10 psig  pressure 

Horizontal  vessel,  450 kW 
capacity 

Carbon  steel  vessel 

Stainless  steel  construction 

Piping  for  ammonia  unloading  and 
supply,  carbon  steel  pipe:  4.0  in. 
diameter, 600 ft long,  with  valves, 
and  fittings 

Ductwork  between  air  heater, 
mixing  chamber,  and  ammonia 
injection  grid,  carbon  steel,  400 ft 
long,  with two isolation  butterfly 
dampers,  and  expansion  joints 
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Table 1 (Continued) 

# 

1 Lot 

1 Lot 

1 Lot 

1 Lot 

1 Lot 

Item 

MAJOR  EQUIPMENT  LIST 
MERRIMACK  SCR 

BOILER SIZE 330 MW 
ANHYDROUS  AMMONIA-BASED 

Sootblowing  steam  piping 

Flue  gas  ductwork 
modifications 

SCR bypass 

, Ash  handling  modifications 

Controls  and  instrumentation 

BescriptionlSize 

Steam  supply  piping  for  the  reactor 
sootblowers,  consisting  of 200 feet 
of 2" diameier  pipe  with  an  on-off 
control  valve  and  drain  and  vent 
valved  connections 

Ductwork  modifications  to 
install  the SCR reactors,  consisting 
of  insulated  duct,  isolation  damper, 
turning  vanes,  and  expansion  joints 

Ductwork  consisting of insulated 
duct, 12x24' double-louver  isolation 
damper  with  air  seal,  and 
expansion  joints 

Extension  of  the  existing  fly  ash 
handling  system  modifications, 
consisting  of  one  slide  gate  valves, 
one  material  handling  valves,  one 
segregating  valve,  and  ash 
conveyor  piping, 180 ft long  with 
couplings 

Stand-alone  microprocessor  based 
controls  for  the SCR system  with 
feedback  from  the  plant  controls  for 
the  unit  load, NO, emissions,  etc.., 
including NO, and  ammonia 
analyzers,  air  and  ammonia  flow 
monitoring  devices,  and  other 
miscellaneous  instrumentation 



Table 1 (Continued) 

# 

1 Lot 

1 Lot 

1 Lot 

MAJOR  EQUIPMENT LIST 
MERRIMACK  SCR 

BOILER SIZE: 330 MW 
ANHYDROUS  AMMONIA-BASED 

Item 

Electrical  supply 

Foundations 

Structural  steel 

Bescription/Size 

Wiring,  raceway,  and  conduit to 
connect  the  new  equipment  and 
controls to the  existing  systems 

Foundations  for  the  equipment  and 
ductworklpiping,  as  required 

Steel  for  access  to  and  support. of 
the SCR reactors  and  other 
equipment,  ductwork,  and  piping 
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Table 2 

SCR  MODIFICATIONS  MERRIMACK  BOILER 
RETROFIT CAPITAL COST'ESTIMATE SUMMARY FOR 

NO, Control Technology 

Boiler Size (MW) 

Cost  Year 

Direct Costs ($/kW): 
SCR ReactordArnmonia Storage 

PipinglDuctwork 

ElectricaVPLC 

Draft Fans 

Platform/lnsulationlEnclosure 

Total Direct  Costs ($/kW): 

Scope  Adder  Costs ($/kW) 

Asbestos Removal 

Transformer 

Air Heater Modifications 

Boiler System  Structural  Reinforcement 

Total Scope  Adder  Costs ($/kW): 
Total Direct Process Capital ($/kW): 

Indirect Costs: 

General Facilities 5.0% 

Engineering  and  Home Office Fees 10.0% 

Process  Contingency 5.0% 

Project Contingency 15.0% 

Total Plant Cost (TPC) ($/kW): 

Construction  Years 

Allowance for Funds  During  Construction 

Total Plant Investment (TPI) ($/kW): 

Royalty  Allowance 0.00% 

Preproduction Cost 2.00% 

Inventory Capital  Note 

Initial Catalyst  and  Chemicals 0.00% 

Total Plant Requirements  ($/kW): 

SCR 
330 
1994 

31.3 
13.1 
3.1 
0.0 
I .I 

48.6 

0.0 
0.0 
0.0 
0.0 
0.0 
48.6 

2.4 
4.9 
2.4 
8.7 

67. I 
0.0 
0.0 

67.1 
0.0 
1.3 

0.13 
0.0 

68.53 

NOTE: Cost for anhydrous  ammonia  stored  at  site. 
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Department of Energy 
Pittsburgh Energy Technology Center 

P.O. Box 10940 
Pittsburgh,  Pennsylvania 15236-0940 

,May 20, 1996 

Ravi Srivastava 
U.S. EPA 
Mail Drop 62045 
401 M Street SW 
Washington DC 20460 

Subject: Comments on EPA Draft Report, "Cost Est'imates for Selected 
Applications of NO, Control Technologies on Stationary Combustion 
Boi 1 ers" 

Dear Mr. Sri vas tava: 

Attached are our comments  on the subject report, a7 ong w i t h  marked-up pages. 

Please feel free t o  discuss these comnents w i t h  us. 

Sincerely, 

6gram koordi nator 
NO, Control Techno1  ogy 
Office of Clean  Coal  Technology 

L N I b P  Dennis N. Smith 

Technical Analyst 
Office of Clean  Coal  Technology 
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COWHEIJITS OH DRBFT REPORT TITLED 
''COST ESTIMATES FOR SELECTIVE APPLICATIONS 

OF NO, CONTROL TBCRHOfr0GIES 
ON STATIONARY COMBUSTION BQILERS,'# Dated March 1996 

General  Comments 

This  draft  report  was  prepared  by  Bechtel  Corporation  €or the U , S .  

EPA. Attached to th@ draft  is  Appendix  A,  titled  "Investigation  of 
Performance  and  Cost sf NO, Controls  as  Applied to Group 2 Boilers, 
Draft  Report,"  dated  August  1995. The present  review  covers  both 
the  new  text and  Appendix A, e 

We had  commented  previously  (August  1995)  on the July  1995  draft  of 
Appendix A. The  current  version  reflects  most  of the changes  we 
proposed  at  that  time. bas such,  it  represents  a  great  improvement 
over the earlier  draft.  Although we feel  it  would have been  pref- 
erable to reorganize  Appendix A along the Pines we suggested  previ- 
ously for  easier  access to the material,  it  appears that this is 
not  likely to happen.  On the one  hand  there  is  still  considerable 
duplication,  while  on  the  other  hand  it  is  necessary to search  in 
more than  one  place  €or  information  on  a  given  topic, 

A related  problem is the numbering of the pages. Taken out of eon- 
text,  one  cannot  readily  determine  where a page  numbered,  for ex- 
ample, 3-2, belongs,  since  both the  new  main  text  and  Appendix A 

follow the same  numbering  system.  It  would  be  helpful to insert an 
.A in  front  of  each  page  number  in  Appendix A. 

Adding to the complication is th@  existence  of  two  Appendix A's. 

As  stated  &oV@,  Appendix A is  attached to  the new  document  dated 
March 1996, Appendix  A,  however,  also  contains  an  Appendix A con- 
sisting  of the EPA  database  for  Group 2 boilers. A simple  way to 
correct this might be to rename  the EPA database  Appendix AA, and 
number the pages  accordingly.  There  are  only  a  few  pages  in the 



SPA  database,  and  there is little  if  any  crossrreferencing to this 
material  in the remainder  of  the  text. 

Despite  these  shortcomings, the August 1995 version  of  Appendix A, 

along  with  Appendices  B  and  C,  provides  useful  information  on a 
variety  of NO, reduction  technologies,  and  should  be  helpful in the 
rule  making  process  as  applied to Group 2 boilers, 

Scoue of Main Report 

A more  important  issue,  however,  is  the  scope  of the March 1996 
report,  "Cost  Estimates  for  Selected  Applications  of NOx Control 
Technologies  on  Stationary  Combustion  Boilers,"  referred  to  in  the 
present  review as the main  text. As stated  in the second  bullet 
item  in  Section 1.1, p. 1-1, one  of the objectives  of the present 
study  is to develop  costs  for NO, control  technologies  applicable 
to tangentially-fired  and  dry  bottom  wall-fired  boilers,  which  are 
Group 1 boilers.  However,  Appendix A, by  definition,  deals  only 
with  Group 2 boilers-  Thus  one  of the shortcomings  of the main 
text  is  that  there  is no  documentation  for the treatment of Group 
1 boilers . 
Moreover,  the  first  bullet  item in Section 1.1, p. 1-1, addresses 
more  stringent NO, controls  than  had  been  promulgated  in  Phase I, 
namely an  emissions  level  of 0.15 lb/106  Btu,  again  without  back- 
ground  documentation  for  the  costs  of  achieving  this  degree  of 
control.  Furthermore,  no  basis  is  given  for the selection  of  the . 
0.15 lb/.106 Btu  target. 

The  problem  of  overall  orientation  becomes  critical  on p. 2-1, 
where the first  bullet  item  near the bottom  of the  page  refers to 
the  various  components  of  the  systems  studied,  including low-NO, 
burners (LNB) , overf  ire  air  (OFA) , and  gas  recirculation  fans.  The 
statement,  "Where  applicable, the study  burners  are  already equip- 
ped  with low-NO, burners1'  is  unclear.  What  constitutes  cases  where 
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LNBs are  applicable?  Where  are  they  not  applicable? If such com- 
bustion  modifications  are  already  in  place, is the application of 
other  technologies  not  8*possible,w  as  stated in the draft, or not 
economically  justified? 

I Related to these  questions of scope is the  whole  issue  of  including 
: OFA as  a  combustion  modification  technology,  The  EPA  was  severely 

criticized  in the past  for  assuming  that  OFA  should be included 
with LNBs for NO, control. By appearing to  link  these  technologies 

, will the EPA be  subjected to the same  criticism  again?  Thus 
1s potentially  very'  significant  bullet  item is mislea&ing as now 

! I  
.iworded; it needs  clarification  and  amplification. 

Throughout the new  text,  technologies  €or NO, removal  are  selected 
for  a  given  boiler  application  without  much  explanation.  Presum- 
ably  other  technologies  would  also be appropriate  in  some  instanc- 
es,  and  in  fact  some  of  these  are  analyzed  in the Appendices. 
Without  additional  information,  it  would  appear  that the report  is 
biased  in  favor  of SNCR. While  we  do  not  necessarily  disagree  with 
the choices  made, we feel  there  is  insufficient  discussion to in- 
form the reader  regarding  the  chosen  technologies.  If  certain 
technologies  were  considered  and  rejected,  reasons  should be given, 
If,  on  the  other  hand,  time  or  budget  constraints  precluded  exami- 
nation  sf  other  technologies,  this  should  be  stated. 

Because  of  questions  such  as  these,  it  would  be -helpful to include 
an  introductory  paragraph  putting the whole  document  into  perspec- 
tive and  orienting the reader  as to the  scope  and  purpose of the 
current  report. 

SDecific Comments 

Economics Hethodology Appendix A ("Investigation sf Performance 
and  Cost  of NO, Controls  as  Applied to Group 2 Boilers,  dated 
~ugust 1995) now  incorporates  the  correct  method of developing 
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! J  process  economics.  This  treatment  includes  all the relevant  con- 
ponents  of  levelized  costs,  as  discussed in our  review of the 
earlier draft.  However, the new  main  text  refers to calculations 
for  levelized  costs  both  with  and  without  the  capital  charge  com- 

! .  ' .  ponent,  although  it  is  not  clear  where  these  calculations  are 
' .  
: presented  other  than in Table 1-2. i 
All  of the costs  for  Group 2 boilers  reported  in  Appendix  A  cor- 
rectly  include  capital  charges  in  the  levelized  costs,  as  presum- 
ably do the costs  given  in  Tables 1-3  and  1-4  of the main  text. 
Unless  there  is  some  compelling  reason to the contrary,  we  recom- 
mend  eliminating  ab1  references to .two  versions of levelized  costs, 
We  would  be  glad to discuss  this  question  with the authors of the 
document. 

Tables 1-3 and  1-4  contain  some  cost  estimates  for  which  there  is 
no supporting  documentation.  This  presents  a  problem  for  readers 

. who wish to verify or adjust the figures  based  on  alternative  input 
i data.  Moreover I to the extent  that  it is feasible to find  cases I 

' documented in the Appendices,  the  figures  do  not  seem  consistent. 

5. 

! i  

i: I I For example,  Table 1-3 shows  a  levelized  cost  of  $695/ton  for SCR 

9 as  applied to a  cyclone  boiler  at  a  capacity  of  200 MW and  a 65% 
capacity  factor.  Figure  4-21 in Appendix A shows  a  value  of  about 
625/tOn  at the same capacity and capacity  factor. What are the 
qeasons  for the difference?  If  these  cases  are  not  meant to be 
compared,  what  is the difference  in  methodology?  Which  figures 
should the reader  use in  planning  a  N0,control strategy? 

Technology  Selections  The  Table  of  Contents  for  Appendix B (p. B- 
i) is quite  useful,  since  it  presents  at  a  glance the N0,reduction 
technologies  evaluated  for  the  separate  boiler types.  Thus, for 
cell-burner  boilers, the  technologies  are  plug-in  low-N0,burners 
and non plug-in  low-N0,burners.  For  cyclone  boilers, thetechnolo- 
gies are coal  reburning,  gas  reburning, SNCR, and SCR. It  would be 
helpful if the NO, control  strategy  were  also  given  for  wet-bottom 
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boilers  and  vertical,  dry-bottom  boilers (SNCR in both  cases)  The 
reader cohd thereby  quickly  find  a  discussion of any  particular 
technology  of  interest. 

Capital Costs The  capital  cost  for the SCa process  given  in  Table 
B4-18 (p. B4-72) is  of  the  correct  order of magnitude,  but the pre- 
sentation is potentially  misleading  in  that  there  is no cost  given 
for the catalyst  installed in the  reactors.  While the cost  for 
reactors  and  ammonia  storage is given  as $22/kW (for a 150 MW 
plant), our work  on SCR has shown  that the major  portion of that 
cost is in  fact  the  initial  catalyst  inventory, -which,"is a  large 
figure  due to the high  unit  price  of  the  catalyst,  While  the 
bottom  line  would  not  change,  it  would  be  more accurate to show  the 
catalyst  inventory as a  separate  line  item  at the appropriate  place 
in  Table B4-18 and  reduce  the  capital  cost fo r  reactors/ammonia 
storage  by the same amount. 

As  pointed out above,  background  information  on NOx control for 
Group 1 boilers  is  missing.  This  includes  capital  costs. 

In  Table. &$, the  second  column  lists  capital  costs  in $. Should 
this  be $/kW? 

Levelized Costs Appendix B now  presents  a  breakdown  into the major 
components of levelized costs, which  had  been  missing  previously. 
While the format  does  not  show  sufficient  detail to permit  verifi- 
cation or adjustment  of the individual  figures,  it is helpful  to 
have  even this much of  a  breakdown,  showing  at  a  glance the rela- 
tive  contributions of the several  cost  components.  Note  that  the 
tables  giving  levelized  costs,  including the one OR p. B3-6 and 
continuing  throughout the document,  would  be  more  readable  if the 
columns  under  $/ton  N0,were  right  justified. 

On p. 4-3 of  Appendix A, item 6 refers to the fact that  the level- 
ized  cost  estimates  "consider"  several  factors, This  sounds  toe 
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casual for  a  clearly  defined  calculation, A more  definitive  word 
such as lgincludeD1 is recommended  since  it  would  be  entirely unam- 
biguous in this context.  Otherwise the reader  cannot  be  sure  that 
all the  factors  olconsideredll  are  actually  included, as indeed  they 
must be  in  order to perform the  calculations  correctly. 

On p.  1-2 of the main  text,  last  bullet  item,  there is reference to 
economic  factors  "reported1@  in  the EPRI TAG. As we pointed  out 

; previously,  any  economic  factors  given  by EPRI are  only  examples 
i and are  not  meant  to  be  recommendations, In the  context of the 

i i  
' present  report, to avoid  any  implication  that  'these  numbers  are 
i :  !;anything other  than  representative  values, we suggest  simply  using :\' the  term  lolistedlg  or O'given. 

On p. B2-8, the first  paragraph  in  Section 2.4.2 contains  a  sen- 
tence  about  estimating the capital-related  components  of  levelized 
costs  "along  with  the  predicted  capital  costs  for the boilers with- 
in the  corresponding  range- " This  statement  is  very  confusing. 
The  economics  of  N0,reduction  technologies  are  independent  of the 
cost  of the boiler  on  which the technology  is  installed.  If  some- 
thing  else  is  meant  here,  it  should  be  clarified,  If  not, the 
statement  should  be  eliminated, 

cap,acity Factor In the main  text,  Section 1.3 mentions  two  assumed : 
values  for  capacity  factor: 65% and  27%. While the economic  calcu- 

i lations  reported in Tables 1-3  and 1-4 appear to handle  these  two 
capacity  factors  properly  in  terms  of $/kW and  $/ton of NO,  re- 
moved,  it  is  not  clear  how the mills/kWh  figures in' Table 1-2  re- 
f lect these different  assumptions.  Even  if the NO, control  tech- 

\ nology is operated  only  five  months  out of the  year,  the  power 
': plant  generates  electricity  at  its  normal rate for the entire year, 
: To avoid  possible  misinterpretation  or  confusion  on the part of. 
: utilities  seeking  guidance  from  this  document, the  basis  for  the 
: mills/kWh calculations  should  be  checked  carefully  and  explained  in 
: greater  detail  in this section. 

i 
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Sensitivity Analyses As we  pointed outpreviously, the sensitivity 
analyses  for  critical  process  variables  given  in  Appendix B 'are 
useful in principle  but  are,  in  fact,  of  limited  value  because the 

conclusions  drawn  are a function of the ranges of the variables 
investigated  rather  than  reflecting  their  true  significance. 

For  examplep it is stated  in  several  places  that  reagent  cost is 
not an important  variable  in SNGR, although it can  easily  be  seen 
that  reagent  cost is a  large  component of SNCR levelized  cost. 
Likewise,  it  is  stated  in  a  number  of  places  (for a variety  of 
techologies) that  capital  cost  variation  has a- minon impact  on 
capital  (and  fevebized)  costs,  This  is  fallacious  reasoning,  and 
results  from the fact  that  only  a  narrow  range  of  capital  costs 
( 2 5 % )  was investigated,  Similarly,  catalyst  replacement  cost is a 
significant  component  of SGR economics,  as  shown  on p. B4-24, but 
the statement  on p. B4-25 does  not  support this  obvious fact. 

The  impact  of  any  variable  can  be  made  unimportant  if  a  narrow 
enough  range is evaluated.  In the  case of reagents,  it is of 
course  reasonable to explore  only the range  of  prices  likely to be 
encountered. A more  meaningful  approach  would  be to say  that  an x 
percent  range of reagent  prices  was  selected  for the sensitivity 
calculations,  representing  a  realistic  degree  of  variation,  and 
that  within  these  limits,  the  effect  on  levelized  cost  was  found to 
be y percent. 

In principle,  cost  sensitivity  effects  should  be  compared  on  a  rel- 
ative  basis,  What is important is the percent  increase  in  process 
capital or levelized  cost  for a given  percent  increase in a  par- 
ticular  process  parameter. If costs  go  up 5% for a 5% increase  in 
a  parameter, then that  parameter is important  even  though  a 5% in- 
crease is small- 

As pointed  out  previously,  the  graphs  presenting the sensitivity 
analyses,  showing the variation  in  costs  at two levels of a  par- 

~ -. 
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ticular  variable,  lack  labels  on the two  individual  curves,  Thus, 
a  reader  looking at the graphs is forced to refer to information 
located  elsewhere in the report to determine  the  values of the 
variables  being  studied.  This  is true for  Figures B3-6 through B3- 
11,  B3-17 through B3-22,  B4-6 through B4-13,  B4-19 through B4-30, 
B4-36 through B4-45,  B4-51 through B4-61,  B5-6 through B5-15, and 
B6-6 through 36-15, Adding  labels to the  individual  curves  would 
be a  simple  matter and would  greatly  increase the  usefulness  of 
these  graphs  and of the document  as a whole, 

sNCR Process The  section on  chemical  type  and  stoichiometry, p. C- 
39, is  much  improved  over  the  previous  version.  However,  it  is 
still  not  clear  why the use  of  urea  has  an  advantage  over  ammonia 
in  large  boilers. Isn't the same  stoichiometric  effect  valid  for 
all  boiler  sizes? Are  there  other  factors  related to boiler  size? 

Definitions Since the main  text  deals  with  both  Group 1 and  Group 
: 2 boilers,  it  would  be  helpful to explain these terms- Group 2 

boilers  are  defined  by  reference to the Appendices,  but  there  is  no ' definition  of  Group 1. A simple  way to do this would  be to insert ' subheadings in Table 1-1, showing  both  groups of boilers. \ 
Likewise,  there  are  no  references to Phase I or  Phase I1 of the NO, 
control  implementation  plan,  although  the  target NO, levels  can  be 
related to the two phases. 

'Throughout  the report,  costs  are  variously  given  in  mills/kWh  and 
1 mils/kWh.  The  dictionary  definition  calls  for  the use of mills to 
represent 1/1008 of a dollar.  We  recommend  making the appropriate 
changes,  using a search  function  in  your  word  processing  program. 
We  did  not  mark  every  page  where  this  inconsistency  occurs.  Note 
also that  the  captions  on some of the figures  use  the  term  mils  and 
should  be  corrected  if  possible, 
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on p. B3-2, the word  9ni1sF1  is  used  in  reference to pulverizers. 
Clearly, this needs to be  corrected to say  wmills,w 

i Significant Figures In  Tables 1-3 and 1-4, the capital  costs  show 
too many  significant  figures,  Considering the accuracy  of the cal- 

. culations, two significant  figures  would  be  maximum.  Making  this 
i change  would  also  make  these  tables  more  readable.  Likewise,  at 
1 various  points  in  the  text,  boiler  efficiencies  could  be  reported 
/ to the first  decimal: the  tables  from  which  these  values  are 

derived  should,  of  course,  continue to show two decimal  accuracy. 

I 

: Miseellaneous Items in Main T& In  Section 2.11 first  paragraph, 
there is  reference to Table 1-2. This  should  be  Table 1-5. The 
second  sentence  states  that  this  table  shows  variations  in NOx 

reduction  effectiveness  on  a  site  specific  basis.  This is not 
quite  true.  The  table  shows a range  of  effectiveness  for 

I t category. The  text  would  be  more  clear  and  accurate  if  it  said, 
:i "AS shown  in this table,  the NO, reduction  effectiveness  for  each 
; technology  varies  over  a  significant  range.  These  variations  are 
j a  result of site  specific  fact0rs.W " , 

,- - 

,- 

," 

. ; j  Section 2.3, second  bullet  item,  refers to Section 2.4.1 of  Appen- 
! ]  dix A. There  is  no  such  section. i i  12 

-2 
other  editorial  comments  are  noted  on  the  marked-up  sheets. 
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Appendix B 
7 -  

h. The costs for  inventory  capital  apply  only to the  SNCR and SCR technologies 
where chemical'  reagents will be stored  on-site.  These costs are based on a 
14-day  storage of the  reagent in each case. 

i. The  allowance for funds  during  construction IAFDUC) was assumed to be 
zero  for the  following  reasons: 

The AFDUC depends  on the  payment  terms  agreed  upon  between the 
buyer  and the equipment  suppliers,  which  may vary considerably 
between  various  applications. 

The construction period for all technologies is estimated to be less than 
a year. 

. Even for the  technologies with significant capital investments,  such as 
SCR and coal reburning, any AFDUC would be negligible, especially 
because of the short construction  period. 

The  technology  retrofit  design  requirements  are  expected to vary with different 
installations. Site-specific factors  may  influence  not  oniy the  design  requiremenxs 
pertaining to the technology  components,  but also the  required  modifications of 
existing  equipment. 

The conceptual  designs developed for each study case were based on site conditions 
applicable to a typical  Group 2 boiler. In some cases, additional  requirements  may be 
imposed  because of special limitations  prevailing at certain sites. Based on the 
experience with these technologies at existing  installations, these additional 
requirements  have  been  anticipated  and  shown in t h e  cost estimates as scope adder 
items. 

The  scope  adder costs have  not  been  included in t h e  costs shown  on   the  figures. The 
contingencies  provided in the cost estimates  generally cover these additional costs. 
I t  is, therefore,  assumed  that  the costs incurred  by a few plants requiring any of the 
scope adder items  would still fall within the  predicted  ranges in this report. 

2.3.2 Levelized Cost Estimates 

For each technology  retrofit, the  levelized cost estimates .eemmkr the following 
components: 

' *  

Carrying  charges  fer the capital costs 

increases in fuel costs associated with the  retrofit  technology 

Study Methodoiogy * 82-5 
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2.4.2 Scaiina of Levelized Costs 

The  levelized costs are made up of various  components. Of these, the carrying 
charges and  maintenance costs are a direct  function of the capital costs. These 
components can, therefore, be estimated using the pertinent  economic  factors  along '- 1 with the predicted  capital costs for the boilers  within the corresponding  range. 

For the other levelized cost components, a statistical  curve  fitting  approach was 
followed to define the variation in each component  value  with  respect to changes in 
the boiler  size.  Two  points  for this curve fitting exercise  were  available  for each 
component from t h e  data generated for the  two generic  boilers. A third point  on the 
.curve was assumed to be t h e  zero  point  {i.e.$  for a unit size  of  zero MW, each 
component assumed a value of zero). 

2.4.3 ReDorted Cost Data 

The  scaling factors were used to generate  curves  showing the variation in the  capital 
and  levelized costs with respect to changes in the boiier  size.  For  each study case, 
the following three curves were  deveioped: 

- 

Capital cost in $/kW versus unit size 
L x., a Levelized cost in mils/kWh versus unit size 

4 

0 bevelired cost in $/ton sf NO, removed versus unit size 

2.5 SENSITIVITY EVALUATIONS 

The costs repaned in this study were  based  on  certain assumptions and specific 
economic factors described  earlier.  Sensitivity  evaluations  were  conducted to analyze 
the impact of varying some of the critical system design parameters  and  economic 
factors. 

--Appendix C of the main  report  provides  detailed  discussions  on  various  parameters 
and factors whose variations  can  have  an  impact on the design and  performance of 
the NO, control  technologies.  Table 82-3 lists some of the critical  parameters  and 
factors  for which  sensitivity  evaluations  were  performed.  The  range  vaiues  assigned 
to each  parameter for this evaluation  are  also  provided in Table 82-3. 

The ranges for the parameter  values in Table  B2-3  were  established as follows: 

a.  The  capital cost estimates for  each  technology  include a 15 percent margin 
for project  contingency  and a 5 percent margin  for  process  contingency. 
Since these margins  already  cover  possibie cost increases  for the Group 2 
boiler applications, there is a iow  potential  for  variations  beyond these 
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either to achieve  proper NO, reductions or to install the  technology  components.  These  fac- 
tors include  lack of sufEcient  space to install  the  reburn  fuel  injectors  (or  burners)  and  over- 
fire  air ports.  lack of proper residence  times.  and  unavailability of natural gas. 

The effectiveness of the SNCR technology  can vary from 30 to 50 percent.  Based on the 
NO, reduction  needs (0.15 lb/"Bru) of the  study bilers, this technology can be applied 
only to the gas- and oil-fired boilers.  Similar to gas reburning, this ,feasibility may be subject 
to site-specific  factors. The most important aspect of SNCR is the availability of a proper 
residence  time within the  boiler in a  required temperame zone,  which  varies with the  type of 
SNCR system used (ammonia- or urea-based). It is recognized that such  residence  times  may 
not be available in all gas- and  oil-fued  boilers. 

n e  NO, reduction  needs of all study  boilers  fall  within  the  potentid  effectiveness  range (80 
to 90 percent)  for  &e SCR technology,  which is therefore  considered  feasible  for all of  these 
boilers. 

Even for  the SCR technology, the NO, reduction rates required  for  the  cell,  cycione.  wet 
bortom, and  vertically fired boilers are relatively high. Such rates would require significantly 
large amounts of d y s r .  Other concerns, SUCH as excessive SO3 conversion rates, may also 
be appiicable in some specific retrofits. 

In some cases, the duty  on the SCR systgms could be reduced by  applying more thafl one 
NO, control  technology.  For  instance,  hybrid systems using SNCR and SCR could be used 
or SCR could  be applied with  combustion  controls  (applicable  to  cell,  wet bottom, and veni- 
cdly-fired boilers). These applications are considered  outside  the  scope  of  the  study. 

0 Based on the  above  analyses,  the technologies selected  for meeting the 0.15 fb/"Btu limit 
include SCR for all boiler categories  and SNCR and gas reburning  for gas- and.  oil-fired 
boilers  only.  Similarly, SNCR has been considered for achieving  substantial NO, reduction 
(50 percent)  for the wall-fired and tangential boilers  burning  coal. 

22 Technical Evaluations 

The  methodology  for  the  technical  evaluations is essentially  the  same as used in the pr~vious 
mdy (Appendix A, Section 2.0 of Appendix B). The  highlights  of this methodo~ogy are as fol- 
lows: 

0 AI1 design  derails peminiq to the npresentative boilers in the cyclone,  cell, wet-bottom, and 
vertically  fired  categories are the  same as shown in the previous  study. 

0 Since  the tangential and d-firtd boilers  burning  coal, oil, or gas were not included in the 
previous study, design  details  of  representative  boilers  for  these  categories  have been specifi- 
cally  developed  for this project from the  Bechtel  in-house database. . In the  case  of ea& boiler 
category,  the  evaluatiom are p e r f f e d  using one  representative  boiler.  It is assumed  that 

L boiler  design  parameters vary in$ direct  proportion to the  boiler size. 
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3.0 COALFIRED PLANT ASSUMPTIONS AND RESULTS 

'phis section summarizes the technical and economic evaluations  conducted for the cod-fired 
boiler  applications of NO, control  technologies. 

3.1 Tangential Boiler Applications 

The NO, control  technologies  evaluated  for this boiler type  include SCR and SNCR. The design 
data for  the  representative  boiler  selected  for this evaluation are shown in Table 3-1. This boiler 
is a balanced drafs forced circulation, reheat, single furnace boiler. It has four windboxes 
located along the four comers  of  the  furnace. There are a total of 20 cod burners,  five  per 
comer. The boiler serves a 348 MW stearn turbine  generator and is eqgpped with two 50-per- 
cent-capacity  forced draft fans, two 50-percent-capacity  induced draft fans, and an electrostatic 
precipitator for removing dust from the flue  gases exiting the  boiler. 

3.1.1 SCR Evaluation 

-. The €oilowing fnajor Criteria and assumptions  have b k  foIlowed in evaluating  the SCR tech- 
nology €or the  coal-fired wential boilers: 

/' J 
Y 0 The S a  system is designed to  reduce NO, emisSionhfiom  a  baseline  level of 0.45 1b"Btu 

to the required limit of 0.19 Ib/MNBtu. 

e Anhydrous ammonia is utiked as a reagent for the SCR system. 

0 The system is designed for an ammonia slip of 5 ppm- 

0 A l a y  storage is provided ap the  plant site for anhydrous afnmoaia This storage capacity 
is based on a full-load operation of the boilez. 

0 It is assumed that the existing p h t  setting alIows installation of the SCa reactors b m e m  
the economizer and air heater without a need to relocate any major s t r u c ~ c  or equipment 

0 The operating He of the SCR catalyst is slssumed at 3 years. A catalyst Iife  mauagement 
strategy is not used for this evaluation. It is also assumed that no appreciable differwct in 
the catalyst H e  occurs when the plant is operated at low c%paciv factors. This assumption 
dts in c o d v e  cost Mimates, since it is expected k t , a  low pacity fmor may re- 
sult in a net d y s t  Me inrrease. c L.- 

$ 

- Other g e n d  S a  system design detaiis, assumptions, and impacts on the existing quip 
mem outlined in Appendix A (Section 4.5 of Appendix B) ais0 apply to this case. 

The SCR technology is a postcombusion  technology, m which  the  reagent is injected  into  the 
flue gas stream at  the economizer outlet upstream of  the cataiyst reactor. As such, SCR tech- 
nology has no direct  impact on the boiler performanee. ?he boiler parameters shown in  Table 
3-1 would remain u n c w e d  following a SCR retrofit However9  such a retrofit would impact 



Injection of the urea solution  within  the  boiler  does  have an impact on the boiler  performance. 
because of the heat  loss  associated with the  moisture  content of this solution. This heat loss 
causes  a  slight  reduction in the  boiler  efficiency,  resulting in increased fuel flow, ash generation. 
and  combustion air and flue gas flow rates.  The  overall  impacts of the SNCR system  retrofit  on 
the  study  boiler are as follows: 

x The  boiler  efficiency  reduces fiom 88.H . f d  to 88. percent.  The  boiler  heat  input  increases 
from 3,2 10 to 3,244 MMBtu/hr. The fuel flow, ash generation rate, and combustion and  flue 

.< gas flow rates increase q,d%rect proportion  to  the  change  in  the heat input. 

0 There is an o v d  increase  in  the  plant  auxiliary  power  consumption  due  to the SNCR 
equipment as well as the  increased  demand on the draft fans to accommodate  the  higher air 
and flue gas flow  rates.  The  estimated auxiliary power  increase is 127 kW. 

0 The urea consumption  requirement  for  the  SNCR  system is 350 g d k .  

0 The water coIlsumption  requirement for  the  SNCR system is 4,470 g d h .  

Using the  above  parameters  and  the  costing  methodology  described  in Appendix 4 both the 
capital  and  levelized  costs  have been calculated  for  the entire size range (33 to 952 Mw) of tan- 
gentid, coal-fired boiiers. As shown in Figure 3-6, the  capital  costs  range h m  approximately 
$6 to $46/kW. The  levelized  costs  at a capacity factor of 65 percent range from 1.13  to 2.15 
mils/kWb and $1,140 to %2,13Ohn NO, removed  (Figures 3-7 and 3-8). The levelized  costs at a 
capacity fmor of 27 percent range h m  132 to 3.78 mils/kwh and $1230 to $3,8OO/ton NOx 
removed  (Figures  3-9  and  3-10). 

3.2 Wail-Fired  Boiler  Applications 

The NO, conml technologies  evaluated  for this boiler type include SCR and SNCR The  design 
data for  the qmsezmive boiler seiected for this evaiuation ark shown in Tabie 3-1. ?his boiler 
is a balanced draft, nabmd cirdatioq reheat, single  furnace boiler. It has 24  burners located 
fourhi~andsixwideonthefirontwalloftfrelarit. Theboilerservesa381  Mwsreamnxbine 
generator  and is equipped with two 50-percent-capacity  forced draft f m ,  two 50-percent- 
capacity induced Qaft f&ns, and an electrosratic  precipitator  for removing dust hrn the  flue 
gases exiting the boiler. 

33.1 SCR Evaluation 

The following major  criteria and assumptions have  been  followed in evaluating  the SCR tech- 
nology for the wall-fki boilers: 

0 The SCR system is designed to reduce NO, emission fiom a basebe level  of 0.5 Ib/h.IIMBtu 
J 

to the  required limit of 0.15 IbA4MBtu 

e All of the  other criteria and assumptions  described  in  Section  3-1.1 apply eiqually to this case. 



The comumables  associated with the SCR system retrofit  for  the  study boiler are as follows: 

Anhydrous ammonia consumption 476 I b h  

Average catalyst replacement 54 17 ftjiyr 

Using the  above parameters and  the  costing  methodology  described. iE Appendix A, both the 
capital and leveked costs  have been dcdated for  the  entire size range (30 to 1,300 MW) of 
wall-fired  boilers. As shown in Figure 3-1 I, the capital costs  range fiom approximately $37 to 
$134kW. The l e v e l i  costs at  a  capacity factor of65 percent  range fiom 2.03 to 4.5 mils/kWh 
and $1 ,I 80 to $2,6OO/ton NO, removed (Figures  3-12 and 3-13). .-The levelized costs at a 
capacity factor of 27 percent range fiom 4.5 to 10.4 m i f s / k W h  and Q700 to $6,1 00/ton NO, re- 
moved  (Figures 3-14 and 3-15). 

'Ihe following  major criteria and  assumptions  have  bee^ followed in evaluating  the SNCR tech- 
nology  €or the d-fired boilers: 

0 The SNCR- is designed to provide a 50 percent NO, reducdon h m  a baseline NO, 
rate of 0.50 Ib/haMBhb 

e All of the  other titeria and assumptioas d d b e d  in Section 3.1 2 also apply equally to phis 
case. 

The impacts of the SNCR oechnology retrofit OR the study boiia are as follows (refer to Table 
3-1): 

B3.4 &G7 
c. 0 The  boiler  efficiency reduces hrn to B percent. n e  boiler heat inpa inmascs 

from 3,600 to 3,618 "Btuk. The fixel flow, ash generation rate, and combustion  and flue 
gasBowratesincnasemaBirectpropsrto~tothechangei8theheatinput 

0 There is an overall incrrase in the  plant auxiliary power consumption due to the SNCR 
equipment as w e U  as the increased demand on the draft h to ac~~mmodate the higher air 
and flue gas flow rates. The Mimated amdiary power increase is 193 kW. 

e The urca eoxmmption requiremnent for the SNCR system is 433 g a l h .  

Using  the  above parameters and  the costing methodology described in Appendix A, both the 
capital  and iweked costs  have been calcuiated for the entire size range (30 to 1,300 MW) of 
wall-fired boilers. As shown in figure 3-16, the 'capital COS range fiom approximately $6.5 to 
$52/kW. The  leveiized costs at a capacity factor of 65 percent range h m  1.18 to 232 mils/kwh 
and $980 to $1,92Oiton NO; removed (Figures 3-17 and 3-18). The levelid c o s  at a capacity 

- -, 
- 8  



TABLES-1 

ORlGINAL DESIGN DATA 
TANGENTIAL AND WALL-BURNER COALFIRED BOILERS 

Parameter"' 

Boiler size, MW 

Boiler load, % MCR 

Boiler type 

Heat inpus M M B t u h  

Fuel comption, to* 

Solid waste, to& 

B O ~ S  efficiency) %' 
Fuel analysis (wt. %): 

Ash 
Moisture 
suifur 
H H V ,  BWlb 

NOTES 

Tangential Boiler"' 

348 

100 

Reheat 

3210 

127 

9.82 

88.39 

7.7 
8.4 
0.8 
12,696 

1. Only data pertinent to the NO, conuol technologies are shown. 

WalEFired Boiler"' 

381 

100 

. Reheat 

3,600 
.r 

1 42 

10.98 

8839 

7.7 
8.4 
0.8 

12,696 

2. The same coal is h d  in both boilers. It is assumed rhat efficiency is the same for both boiler 
types. In practice, there may be a small difference in the efficiencies;  however, the difference 
wouid be insignificant as long as the operciting parametgls, d as excess air levels, are the 
same. 



TABLE 3-9 
, -  

NO, REDUCTION PERFORMANCE OF COMBUSTION  CONTROLS ON 
T " I C A L L Y - m D  BOILERS 13233,341 

c-" 

source 
- 

Perfonname 
I , I % Reduction 1 Controlled  Emission  Rate 

.Duquesne  Light E b  Unit 3 (125 W e )  140 -0.45 , ~.. 

Combustion  controls  have  not  yet been applied to  wet-bottom  boilers in h e  U.S. 
However, as show above, a major utZv has announced plans to  retrofit a wet-bottom wall- 
fired boiler  in  the fall of 1995 with combustion controls, specifically a  two-level  overfire air 
(OFA) system. According to the utiIity's engineering estimates, the two-leve1 OFA system 
will achieve an overall 50 percent  reduction  fiom  uncsntrolled  levels and will allow the  wet- 
bottom boiler to have a NO, emission rate of 0.675 Ib/MMBm 

3.2.6.4 fm- on Boiler Omratio= The staged combustion  approach has the r - ,  

potential to change  the UBC, CO, excess air, and fusnace exit  gas  temperature  relative to pre- 
rewofit  levels; thenby potentially  affecting boiler combustion  efficiency and plant economics. 
Presented below is information on the  possible variation of these  parameters. 

UBC. CO. and Excess Air 1331 

Post-retrofit  results from Elrama Unit 2 indicate  that UBC levels decreaxd across the 
load range. Although some of this decrease may be due to  elimination of boiler casing in- 
leaks, still the results indicate that the retrofit had no negative impacts on UBC. Post retrofit 
resuits alss indicate that post-retrofit CQ levels  were maintained at or below 100 ppmv across 
the load range. 

At the E h m a  retrofits,  the pre- and post-rerrofit excess & levels  remained  relatively 
constafat No data are CMCIltIy  available on CQ, UBC, and excess air changes froi the 
American Electric  Power  retrofits. 

/ 
/" 
L 
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Using  the  above  parameters  and the costing  methodology  described in Appendix A. both the 
capital and l e v e l i  costs  have been calculated  for  a  boiler size range of 30 to 1,300 MW. As 
shown in Figure 4-1, the capital costs  range from approximately $14 to S54kW. The  Ievelized 
costs at a capacity factor of 65 percent range fiom 0.55 to 1.5 m i I s / k W h  and $1350 to  $3.750/ton 
NO,, removed (Figures 4-2 and 4-3). The levelid costs  at a capaciry  factor of 27 percent range 
fiom 1 .1 5 to 3.44 mils/kwh and $2,900 to $8,6OO/ton NO, removed (Figures 4-4 and 4-5). 

4.2 Gas Reburning Evaiuation 

The  following  major  criteria  and assumptions have been followed in evaluating  the gas r e b e g  
technology for the gas-fired boilers: 

J 
The gas rebum system is designed  to  reduce  the  baseline NO, of 025 Ib/MMBtu to  the re- 
quired limit of 0.15 Ib/MMBtu. 

I. 

It is assumed that natural gas supply is available at the  plant  fence  for  both boilers. 

0 The rebum system design is based on a 25 percent heat input for the rebum injectors. N a n d  
gas is injected into the furnace along with gas recirculation  (system  designed  for a 10 percent . 
recirculation rate). It is assumed that existing gas recirculation fans will be used for this pur- 
pose. The overfire air system is designed for 20 percent of  the fuil-load combustion air re- 
quirement  for  the  boiler. 

0 It is assumed that sufficient  space is available in the boilen to add the rebm injectors and 
overfife air ports. It is also assumed that the  available space allows  for an adequate  residence 
time for completing the  combustion ptocess for  the  reburn  fbel. Lack of an adequate  resi- 
dence  time may reduce  the  effectiveness of the gas rebum system or it may  adversely  affect 
the fkasiiity of inscatIing such a system. 

0 . .  In some cases, capital cost of the reburn technology  application  may be lower for a tangential 
boiler than for  a wall-fired boiiex. Because of  the  comer firing arrangement for  the  tangential 
boiler,  a potential may exist for effectively utiiizing a der number of rebum injectors. 
However, any cost diEFcrance is not expected to be significant sherefore, for  consematism, 
the  same capital costs developed  for the waIl-hd boiler have been used for  the  tangential 
boiler. 

0 Other general gas rebum system design dezails, asstxnptions, and  impacts on the  existing 
equipment outlined in Appmdix A (Section 4.3 of A-ciix B) also apply to this case. 

Rebum technology has a minimal impact on the perfomance of a gas-fired boiler. This applica- 
tion involves  withdrawal of a portion of the  boiler  fuel from the main combustion  zone  and in- 
jection  of this fuel above  the topmost burners. Overfire air is injected firth= up in the  furnace 
to complete combustion of the reburn fuel. AS long as the conditions permit proper  combustion 
of  the rebum fuel, the boiler performance  would  not be S e d  Operation of  the rebum system 
does result in an increased ~IXX%~IY power  consumption  (associated  with the operation of the gas 

>( recircuiation fan). In the  case of the study boilers, this increase is estimated at 176 WK 

. .  
=S-COST-E~~NOI 4-2 
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using the  above  parameters  and  the costing methodology  described in Appendix A, both the 
capital and leveiiid costs have been calculated for a boiler size range of 30 to 1300 MW. As 
shown in Figure 4-6, the capital costs range from approxima~ely $1 0 to $37/kW. The  leveiized 
costs at a capacity factor of 65 percmt range h m  028 to 0-95 mils/kWh and $700 to $2,4OO/ton 
NO, removed (Figures 4-7 and 4-8). The leveliaed costs at  a c a p a c i t y  Eactor of 27 percent range 
fiom 1.32 to 3.78 miukwh and $1,330 to $3,8OO/ton NQ, removed (Figaaw 4-9 and 4-10). 

4 3  SNGR Evaluation 

The foIlowing major criteria and assumptions have been followed in evaluahg the SNCR tech- 
nology for the  gas-fired boilers: 

a The SNCR sy& is designed to reduce  the  baseline NO, of 02541b/MMBtu to the required 
limit of 0.15 IbMhiBtu. - 
A reagent d o  of 1.5 corn- with  the NO, reduction acquirement is used. 

8 All of  the  other criteria and assIEmppions described in Section 3.12 also apply equally to this 
case. 

The impacts of the SNCR technology retrofit OR tbe study boiias are as follows (refer to Table 
4-11: . .  

I' 
8 

0 

a 

8 

- i -, 
5 

The boiler efficiency reduces from 85.65'10 8548 percent fhe Mia beat input increases 
from 2,980 to 2,986 "Bdhr. 7he fuel flow, ash generation rate, and combustion and fiue 
g a s f l o w ~ i n ~ i n a d i r e s t p r o p o r t i Q n t o t h e ~ e i n ~ e h e a t i n p u t  

There is an o v d  increase in the plant auxihy power consumption due to the SNCR 
equipment as well as the ind demand OR the draft fans to accommodate the higher air 
and flue gas fiow mes. The estimabed auxibry power increase is 80 kW. 

r --x 

, a  

Using the above papamacrs and the costing methodology described in Appendix A, both  the 
capital and leveiizcd costs have bcen c a l c u k d  for a boiler size range of 30 to 1,300 MW. As 
shown in Figure 4-1 1, the capital costs range b m  approxiznxely $32  to S28kW. The levelized 
costs at a capacity factor of 65 percent range fiom 0.5 to 1.1 milsAcWh and S 1,220 to S2,800/ton 
NO, removed (Figures 4-12 and 4-13). The levelizd costs at a. capacity factor of 27 percent 
range h m  0.6 to 2.1 d s k W h  and $1,520 to %5,20Ohon NO, rezuoved (Figures 4-14 and 4-15>. r- . 



TABLE 4-1 

OEplGllvAL DESIGN DATA 
TANGENTIALANDWALGBURNERTYPE 

GAS-AMDOlGFlREDBOILERS 

Parameter"' 

Boiler size, MW 

Boiler load, % MCR 

Boiler w e  

Heat input, " B t u / h r  

Fuel  consumption, to& 

Solid  waste,  lb/hr 

Boiler  efficiency , % 
Fuel analysis (wt %): 

Ash 
Moisture 
Suifur 
WN, Btdb 

CH4 

c2H6 
C3H8 

HHV, Bnrcft3 

NOTES 

350 

100 

Reheat 

2,980 

64.1 

0 

85.65 

NanaalGas 

85.45 
2.45 
6.61 
1,075 

1. Only data pertinent to the NO, control technologies are shown. 

Oil-Fired BoiIers"' 

350 

100 
.. . 

- Reheat 

2,895 

79.3 

303 

88.15 

No. 6 Oil 

0.1 
0.1 
1.0 

1 ssoo 

2. For each fuel,  the  same design data-apply to both the tangenrial and wall-fired boilers. It is 
assumed that efficiency is the same for both boiler types. In pracrice, there may be a small 
difference in the  efficiencies; however, the  difference would be insignificant as long as the 
opexating parameters, such as excess air levels, are the same. 



Using the above  parameters  and  the  cosfine  methodology  described in Appendix  A, both the 
capital  and  levelized  costs  have  been  calculated  for  a  boiler size range of 30 to 11300 MW. As 
shown in Figure 5-1, the  capital costs range fiom approximately $21 to $?7/kW, The leveiized 
costs at a capacity  factor of 65 percent range fiom 0.87 to 227 mildkwh and $1.500 to 
$3,80O/ton NO, removed  (Figures 5-2 aud 5-3). The  levelized  costs at a capacity  factor of 
27 percent range  from 1.95 to 5.3 mils/kWh  and $3200 to %8.800/ton NO, removed (Figwas 5-4 
and 5-5). 

5.2 Gas Reburning Evaluation 

The  following  major aitexia and assurnptions have been followed in evaluating  the gas rebuming 
technology for the  oil-fired  boilers: 

0 The gas rebum system is designed to reduce the  baseline NO, ofb.3 Ib/"Btu to the re- 
J 

quired limit of 0.15 Ib"I3su. 

e Other crimia and assumptions outlined in Section 4 2  also apply to this case. 

The  performance  impacts ofthe rebm technology on the  oil-fired boilm are as follows: 

0 The  boiler performance changes, because with the reburn system 20 percent of the heat inpp 
is by natural gas and 80 percent is by oil. The boiler efficiency  reduces fiom 88.Fto 8 7 . g  x percent.  The  levelized  cost estimates must take into account  the  cost  increases  incurred in 
diringlzanpalgasrathert.bnN0.60il. 

Firing of natural gas reduces the  amount of ash generation by 58 Ib5r and SO, emission rate 
by 620 Ibh. Both ofthese reductions benefit the operating costs. 

Using the above papameten and  the costing methodology  described in Appendix A both the 
capitaI and levelized costs have been calculated for a boiier size xange of 30 to 1,300 MW. As 
shown in Figure 5-6, the capital costs range  from approximately $12 to W k W .  The  levelized 
costs at a capacity factor of 65 percent range h m  0.8 to 1.6 milskwh and  $1,350 to $2,65O/ton 
NO, removed (Figures 5-7 and 5-8). The I w e W  costs at a capacity factor of 27 percent range 
€iom 1 2  to 3.1 xniWkWh and S2,OOO to $5,ZoQlaon NO, removed  (Figures 5-9 and 5-10). 

53 SNCR. Evaluation 

The following major criteria and assumptio~~ have been followed in evaluating  the SNCR tech- 
mology for the oil-fired boilers: 

The SNCR system is designed to reduce  the basehe NO, of 0.3 IbMh4Bpu to the  required 
/ J 

limit of0.15 lb/"Btu. 

" , 
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’& impacts of the SNCR technology  retrofit to the study boiers are as follows (refer  to  Table 
4-1): 

2 L *  

e 

e 

e 

v 9 
m e  boiler efficiency  reduces from 88.25 to 87.88 percent. The boiler  heat input increases 
fiom 2,895 to 2,904 “Btu/hr. The fuel flow, ash generation  rate,  and  combustion  and flue 
gas  flow rates increase in direct pmpomon to the change in the heat input 

There is an overall  increase in the  plant auxihy power consumption  due PO the SNCR 
equipment as we11 as the increased demand on the draft Eans to  accommodate the higher ais 
and  flue  gas  flow rates. The  estimated amdiary power increase is 115 kW. 

The urea consumption  requirement for the SNCR system is 2 IO gal&. 

The  water  consumption  requirement for the SNCR system is 2,696 gal&. 

Using the  above  parameters  and  the  costing  methodology  described in Appendix A, both the 
capital  and  Ievelized costs have been calculated for a , b o i l e r  size range of 30 to 1,300 MW. As 
shown in Figure 5-1 1, the capital costs  range from agproximately $4.0 to $32/kW. The  leveiized 
costs  at  a capacity *or of 65 percent  range from 0.65 to 135 mildkwh and $1,100 to 
$2,3OO/ton NO, removed (Figuns 5-12 and 5-13). The levelid costs at a capacity *or of 
27 percent range 6rom 0.8 to 2.46 miwkwh and $1,350 to %4,1OO/ton NO, removed (Figures 5- 
14 and 5-15). 
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bed  design 171. An additional  categorization of these  boilers is based on operation at 
atmospheric or pressurized conditions. An atmospheric FBC (AFBC) system is similar to a 
pulverized  coal-fired boiler in that the  furnace  operates at close to atmospheric  pressure  and 
depends upon heat  transfer of a working  fluid  (water) to recover  the  heat  released  during 
combustion [I]. Pressurized FBC (PFBC) operates at elevated  pressures  and  recovers  energy 
through both  heat trmsfer to a working  fiuid  (water)  and  the use of the  pressurized gas to 
power a gas turbine [I]; this pressurized design  approach also can be  classified as a combined 
power cycle. 

23 Characterization of Group 2 Boilers 

Table 2-1 lists  the  Group 2 boiler'  types with respect  to  population,  nameplate  capacity, 
size  and  estimated  uncontrolled NO, emissions. This table has been developed  using 
information  on  the  boilers in the EPA Group 2 Boiler  Database  (Appendix A). 

Table 2-1. Characterization of Group 2 Boilers 

Boiler Type . Population : Nameplate Sue i Estimated 
Capacity Mean Range . Uncontrolled NO, 

, 

! ' (Units) ; (YO) 1 I (MWe) (YO) : (MWe) (MWe) (Tpy) 

Cyclone- 
Fired. 89 ' 39-9 i 27,562  40.9 i 310 ' 33- , 732,300 I 

40.7 

i I I 1 1150 : 

CeIl-burner 36  16.1 I 24,572  36.4 ! 683 82- : 682,000 37.9 
Fired i 1300 5 

! 

Dry-Bottom i 33 14-8 j 4,779 ' 7.1 j 145 ' 35-254  99,700 : 5.6 
Vertically- ; I ! j 
Fired 

Stoker- i 21 : 9.4 j 1,083 : 1.6 i 52 ' 32-79 ; 3,400 : 0.2 

I 
! I 

Fired I i 

11 Total 

I I 

223 i 100 j 67,436 j 100 : : 1,798,304 i 100 

' NO, conrrols for wex boaom boilers of any firing desii have to be designed to not dismrb 

A 2-3 



TABLE 3-1 

SUMMARY OF GROUP 2 BODLER/NO, CONTROL TECHNOLOGY 
BEMONSTIUTIONS AND COMMERCUI., RETROFITS 

Group 2 Boiler 
TYPS 

Wet-bottom Boilers 

Dry-bottom, 
Vertically-Fired 
Boilers 

x ' S C a  system was insulled only in one of four duas of the 321 MWe boiler, and only one 3 quarrer of the r o d  uxiit's flue gas volume passes &rough the S C R  system (quidat to 80 
m e )  - 

A f ? ?  

4 3-2 
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the  existing  cycione units can be successfully  retrofitkd by  the cod reburning  technology, 
except for  the small, single  wall-fired units less than 80 W e ;  these units, which represent 
less than 7% of the  cyclone  population, iack sufficient  fiunace  height  to  provide  adequate gas 
residence time. 

3 -2.2.2 Amkations and  Demonstration n e r e  has been one  coal-reburning 
demonstration  project on a coal-fired  cyclone  boiler in the US. This is the  long-term, US. 
DQE Clean Cod Program demonstration  project at Wisconsin Power and Light Company's 
Nelson Dewey Station, Unit #2. The  Babcock & W1lcox  Company's (B&Ws) coal- 

$ reburning system was instailed on the 1 10 Mye cycione-fired  boiler.  The  demonstration 
project  included three steps: 1 ) m a t h d c a l  &ulation using B&W in-house models, 2) tests 
on B&W's Small Boiler  Simuiator (SBS), and 3)instailation and  testing on the 1 IO MWe 
boiler using two types of coal - Lamar bituminous  coal  and  Powder  River Basin (PRB) 
.subbituminous'coal.  Pertinent  project  information  and data were  collected  from,  reference 
.I1 11- 

3 2 - 2 3  NO, Reduction  Performance. As discussed in Appendix C, given 
sufficient  time in the reburn  zone,  reburn zone stoichiometry is the critical parameter that 
influences NO, reduction. However,  rebum  zone  stoichiomeny  is  directly  related  to  the 
percentage of rebum heat input (or ?he fuel  split  between  the  cyclones  and  reburn  burners). 
In general,  an  increase in the rebum heat input and  commensurate  deercase in cyclone heat 
input will decrease the stoichiometry in the  rebum  zone  and  improve NO, reduction 
efficiency.  Although  not  readily  apparent, this fuel split  parameter is c o d e d  in a number 
of ways, viz,: 1) diminished  flame stabity in the  rebum zone due to insufficient  oxygen 
concentration, 2) minimum cycione  coal flow rates that must be maintained  to  control  slag 
tapping, 3) potential  for increased boiler tube corrosion within the  rebum  zone,  and 4) 
increased fly ash load in the funnaee which  may increase UBC  and  cause  fouling of heat 
exchange d a c e s .  These  iimitations will vary with load, cod type, and  unit-specific  design. 
Due to  these  considerations, NO, reductions achieved using coal  rebuming in cyclone  boilers 
will, in general,  be  dependent on cyclone  load  and  fuel  split  between  cyciones  and r ebm 
injectors (or bmers). 

" , 

As discussed in Appendix C, average NO, reductions at Nelson Dewey retrofit  ranged 
between 52.4 % (full load) and 33.3% (33% of load)  for Lamar bituminous and 55.4% (full 
load) to 52.6% (55% of load) for PRB subbituminous  coals. In general, as per the vendor of 
this tecbnology, "nominal 50 to 60% reductions can be expected fiom existing  cyclone- 
equipped bOilers."[lO]. 

& 
Based OR &is data, a range of 40% to 60% NO, reduction is msommended  for 

sost sensitivity analyses. 

A 3-8 
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SNCR  process is capable of load following through adjustment of Normalized Stoichiometric 
Ratio  (NSR). 

Coal Sulfur Content 

As discussed in Appendix C, ammonia slip  needs  to be controlled in SNCR 
applications  to miknize formation  of ammonium salts and  subsequent  boiler  impacts. An 
"acceptable"  value of NH, siip will probably  be  a  balance of optimum NO, reduction 
performance  and minimum sulfate/biisulfate  formation (as determined  by  the  specific 
application  and  fuel). 

3.2.5 Amlication of Selective  Catalvtic  Reduction (SCR) to GrouD 2 Boiiers 

3.2.5.1 Descriution of Control TechoIow . Selective.catalyric  reduction  (SCR) 
is  a post-combustion, dry NO, control  technology  which is typically applied  after  the  boiler 
economizer  (hot-side  confguration) or after  the ESP (cold-side configuration). The SCR 
process  employs a ca$ly% which in the  presence  of ammonia (NHJ and  oxygen (03, 
reduces NO, to free nitrogen (NJ and water (HzO). The  reduction  reactions  are  promoted  by 
heterogeneous caulysts and  occm at temperatures below 800" F. 

3.2.5.2 Demonstrations and ADdications. First patented by a US. company in 
1959, SCR is a  proven  technology  used  to  significantIy  reduce NO, emissions fiom over 200 
sources in the U.S., and  over 500 sources worldwide.  Table 3-6 depicts SCR applications, 
currently operating or planned, on U.S. coal fired boilers. Pilot and demonsua~on projects in 
the U.S., as well as extensive  experience abroad, suggest that SCR is a commercially  viable 
control technology  option  for Group 2 boilers. 

The following fill-scale SCR installations are currently operationaf at U.S. coal 
fired boilers: 

.q Southern Company Services, 4 demonstration project being  conducted at Gulf 
Power Company's Plant Crist. The  objective is to evaluate  the performance of 
commercially  availabie SCR catalysts when applied to operating conditions found in 
U.S. pulverized  coal-fired utility boilers. The  testing  program on this project was 

Y started in July of 1993 and 

. US Generating Company's Chambers Works, Carneys Point Station, where  Foster 
Wheeler Energy Corporation's SCR system was installed on two 140 MWe boilers 
which fire an Eastern rnedium-suffur cod (with up to 2% sulfur and an ash content of 
6 to 10%) [29]. 

0 Public  Service  Electric & Gas Mercer Generating Station (321 MWe  wet-bottom 
boiler). At this instaliatioq SCR system has been instailed in one of four ducts,  and 
only one quarter of the total unit's flue gas volume passes through the SCR system 
(equivalent to 80 "We). 
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(3s Rebuming  Applied to Cyclone-Fired  Boilers - test  results fiom the  demonstration 
project at Ohio Edison's Niles Station Unit $1 showed  insignificant change in 
precipitator  outlet particdate loadings. 

SNCR  Applied to All Group 2 Boilers - little  quantitative  experimentd data was found 
in the  literature  to  characterize SNCR's impact on particulate  emissions.  Generally, 
SNCR  does  not increase particulate emissions. 

SCR  Applied to AlI G T O ~  2 Boilers - S C R  does not impad particulate emissions. 

Imuact of NO- Controls  on C.0, Emissions 

Implementation of NO, controls on Group 2 boilers  can  yield  simultaneous  impacts on 
-CO, emissions iE 1) boiler thermal efficiency  changes so as to  alter  coal  feed, ,2) a portion of 
t h e  baseline  coal  feed is repIaced by a he1 with a  different  carbon  content  per unit of heat 
input  (e-g., n a n d  gas), and 3) post-combustion  control  technology  chemical  reagents  (i.e. 
urea and  cyanuric  acid) react to generate CO,. The first is unlikely  to  have any significant 
impact on CO, emissions since, on average,  the NO, control  technologies do not  have  a 
sipificant impact on combustion  efficiency. The second  item  characterizes  the  application of 
gas reburning,  which can displace up to 25% of the  baseline  boiler coal input  with ~ t u r a I  
gas,  thereby  yielding about a 1P/O reduction in C02 emissions  (based on a 1.7 ratio of cod- 
produced  CO, versus methane-produced C02- The third item  characterizes  the  application of 

., 7 urea- or cyanuric  acid-based SNCR whose chemical reactions produce modest amounts of 
9J;.\ . added CO?. srrc 

3.3.1.2 ImDact of NO- Controls on S e ~ o ~ d a r v  Air Emissions.  AppIication of the 
alternative NO, control  technology options may yield  changes to basehe quantities of 
secondary air emissions  generated by Group 2 boilers. These secondary air emissions may 
include carbon  monoxide (CO), nitrous oxide (N20), and total hydrocarbons (THC). 
Both SCR and SNCR also generate d l  amouts of ammonia (NE3).  

Table 3-9 sumfnarizes the typical baseline  and  "controlled"  emissions of ail secondary 
air pollutants for  the Group 2 boiler/techology  combinations  under consideration. The  details 
on these pollutants can be found in Appendix C. As seen in Table 3-9, all the control 
technologies xesult in negligible CO, THC, and, with the  exception of SNCR, N,S impacts. 
Ammonia emissions  are maintained at minimal levels. 

3 -3.2 Imuacts on Solid Waste Disuosal 

In general,  the application of the various NO,  control  options is not  expected to 
increase or  decrease  the quantities of solid  wastes  generated  by  the  Group 2 boiler populatioe 
However, the potentiaI exists to change  the cbraaxkics  of  the  solid waste thereby 
impacting its disposal. There are two ways in which this can happen: 1) a  signiscant increase 
or  decrease in the unbmed carbon (UBC) in the boiler fly ash and  bottom ash and 2) 

" 

" 
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3.3.4.2 Ancillarv  Power  Reauirernents.  The  ancillary  power  requirements 
associated with the NO, control  technologies  result from the  electric  power  required  to  operate 
associated  new equipmenk such as fans  and  pumps. Also, as a  result of the  retrofit,  existing 
plant  equipment  such as forced draft or induced draft fans, may also cause changes in power 
consumption due to incremental  changes in air- and  gas-side  pressure  drops.  Ancillary  power 
requirements  are  given below for  the  various NO, control  technologies. 

Low-NO, Cell Burner Redacement 

As discussed in Section 32 ,  minor changes in fan energy consumption may QCCU. 

Coal Rebuming on Cvclone-Fired  Boilers 

The  implementation  of  reburning on a cyclone-fired  boiler  results in the  addition of 
new  combustion system components  and  modified  operation  of  existing  components.  The 
modified unit, with addition  of  primary air f a  pulverizer,  piping  and  burners,  overfire iir 
system, and flue gas  recirculation, must be compared to the original unit with regard to the 
fan power requirement  to transport fuel  and air. This will likely  vary from unit to unit based 
on site-specific  factors  (e.g.y  availability of an existing FGR system). 

Gas Rebumjng on Cvclone-Fired  Boilers 
MLL0 

No data was available in the literature on incremental changes to ancillary  power 
requirements.  However,  only  minor changes would be expected. 

Energy consumption  by  the SNCR process is related to pretreatment  and injection o f  
ammonia-based reagents and  their carrier gas and liquids. Anhydrous ammonia, aqueous 
ammoni%  or  a urea solution are injected in liquid form at high pressure to ensure  efficient 
droplet atomization and diqmsion. When anhydrous ammonia is used as the  reagent  (e.g., 
T~~IIMI DeNO,  installations),  the ammonia is stored in liquid  form under pressure. This 
liquid ammonia must be vaporized via energy addition, mixed with  a carrier gas (air or 
steam), and then injected for adequate mixing. The  amount of electricity  consumed depends 
on whether the process uses air or steam for carrier gas. If steam is used, less electricity is 
consumed  by fans but the steam wbi& is taken fiom the  plant will reduce turbiie output [42]; 
the  specific energy impact will depend on the location in the power cycle fiom where the 
steam is withdrawn. 

The Themud k N 0 ,  process will consume  approximately 1.0 to 1.5 kW for each 
MWth of boiler capacity (or 0.29 to 0.44 kW/”Btu/h) when using compressed air as &e 
carrier medium [42J. The actual amount  of  electricity coIlsLrmed will ultimately  depend on 
the  baseline NO, emissions, the NH@JO, stoichiometry, and the NO, reduction goal. For 
steam-assisted ammonia injection,  power  consumption is reduced to about 0 2  to 0.3 

. k T V M t h  (0.05 to 0.08 kWMMBttdh) of boiler capacity. The  amount of steam used is 
about 25 to 75 I b W t h ,  but use of compressed air is typically more cost-effective. 

A 3-34 
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1.0 PROJECT  OVERVIEW 

This report  presents  the  results  of a study  conducted by Bechtel to develop  costs for NO, control 
technologies for coal-, gas-, and oil-fired boilers. The types of boilers for each  fitel  along with 
the size range and baseline NO, emission  rate  for  each  boiler type were  identified by the United 
States Envkonmend Protection  Agency  (&PA), as shown in Table 1-1. 

The  technical and economic  evaluations  conducted for this study  used a consistent  methodology 
to develop costs for  various NO, control  technology  applications. The  costs are therefore 
comparable  between different boiler types and sizes. 

1-1 Project  Purpose 
c 

The primary objectives of this study  were to: 

* Develop costs  for  the NO, control techboiogies with a  capability  to  reduce NO, emissions 
fiom the baseline NO, rate to 0.15 1b"Btu for each study boiler 

1 2  Major Results 

The capiral and leveked costs for each technology case are presented in the figures that are in- 
cluded at the end of this repor&- The major  costs from these figures are summarized in the fol- 
lowing tables: 

Table  1-2 presents the fixed and  variable costs for a 200 MW boiler for each technology 
application. The variable costs are reported for both the 27 and 65 percent capacily f-rs. 

1 capital expenditure and the  other without this CaTIying charge (as rrported  in EPRI's TAG). 
In addition, Table 1-2 also provides a mathematical relationship to facilitate esimation of the 
capital  cost for a given boiler size (MW). 

9 Two tvpes of variable costs.have been included: one  containing  the carrying charges  for  the 

Tables 1-3 and 1 4  present the capital ($/kW) and leveiizcd (Ston ofN0, removed) costs for 
two selected s b s  of boiier instaliations for each NO, control technology (for  both  0.15 
Ib/MMBtu and  substantial reduction cases). These  costs are reported for  both  the 27 and 65 

. percent capacity factors. Also provided arc references to the figures from which  these costs 
have been obtained. 

1 3  General Approach to Technical and Cost Analyses 

The o v d  approach  for both the technical and  cost analyses was based primarily on  the  me&- 
odology u t i i i i  in a previous  Bechtel mdy that involved evaluation of NO, control  tech- 
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7 nologies for  the  Group 2 boilers. A copy of the  previous study is provided as Appendix A to phis 
report. 

-_ _. .. 

The major  elements of the project  approach and the areas where the approach differs h m  the 
previous study are as foIIows: 

An evaluation  of  the  commercidly  available NO, control  technologies was made to deter- 
mine feasibility for meeting  the  aforementioned  project  objectives. fable 1-5 lists these 
technologies along with their NO, reduction effectiveness  and  applicability IO each  snrdy 
boiler type. The data presented in Table 1-5 were based  on  published infomation on a 
variety of technology  appiications  (References 1 through 17). 

Based on the  above  evaluation. the following  technologies are considered in this report: 
e 

+ The  selective  cazaiytic  reduction  (SCR)  technology was seiected  for its capabilirp. to 
prqvide NO, xeduction to  the 0.15 Ib/"Btu limit for all  study  boilers. For the  oil- and 
gas-fired  boilers, both the  sefective  noncatalytic  reduction (SNCR) and gas reburnin_e 
technologies .were also selected  for  the  same  purpose. 

+ The SNCR gas reburning,  and  coal  rebum& ~echnologies have been found to have a 
capabiiity  to  provide  subsrantid NO, reduction for the tangentid and  wall-fired  boilers 
buming  coal.  Of  these, the SNCR technology was selected  for  evaluation  for this 
project Costs of gas and  coal reburning applications on Group 2 bbilers  have  been 
examined in detail in the previous Bechtel study (Appendix A). 

The technical and economic evaluations were conducted on npresentaxivt  boiler iflstallaions 
for  each boiler category identified for this project.  The design data for the representative 
boiler installations were developed Bechtel's in-house database. 

1 % e Both q i t d  costs ($/kW) and  leveIized  costs (milsflc'wh and $/ton NO, removed)  .were 
developed for  the  appEcabie boiler s i ~ e  range  for ea$ techoiogy app~cation. 

e The capM cost edmates were developed by factoring from the 1994 cost data generated in 
the  previous Beck1  study (Appendix A)  for each NO, control techology. The  new esti- 
mates werr not major equipment fi, as deveioped in the previous mdy. 

the existing costs to obtain costs for this project. This method took into consideration the 
differrnces m the overall system size and capacity between each tecfinology application for 
this project and the comespnding application in the previous study, 

x: head, repnscating the g a d  industry practice were applied to 

AI1 new costs were developed in 1995 d o h .   s h e  latest available Chemical Engineering 
COS index  for September 1995 was used to adjust the estimated 1994 costs to 1995. 

$ e The  leveiized costs were based on the economic fkctorx in the 1993 EPRI TAG 
(Reference 18). They were developed using a constant dollar approach. ' Other economic 
assumptions were the same as shown in Appendix A and  detailed in Section 2.0. 

A x 2  



TABLE 1-1 

STUDY BOILERS AND BASELINE  NO^ EMISSIONS(*) 

" 

NOTE 

1. For Group 1 boilers, the baseline NO, rates are &e cumntty allowable emission limitations 
under 40 m, Part 76. For Group 2 boiicrs, the bascline NO, rates represent the average 
unconmIled NO, rates, per boiler type, as presented in Appendix A to "Investigation of 
Performance and Cost of NO, Controls as Applied to Gray, 2 Boilen," Augusr 1995, 
prepared for the U.S. EPA. 
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TABLE 1-3 

SUMMARY OFRESULTS 
NO, CONTROL TECHNOLOGIES ACHIEVING 0.15 LB/"BTU LIMIT 

Boiler 65% Capacity 27% Capacity 
NO, FartoP Factor" 

x 3238 3 9 B  1439 .39B 930 
WF 3-11,13,15 6938 - 3815  1670 6 9 X  200 SCR  Coal . .  

2 ,  3943' 1 2748 1226 3 9 X  1 1030 
CELL I Coal 3-2 1,2325 6 9 X  1775 801 6 9 Z  SCR 1 200 

NOTES 

1 - The iegend for the syrnbois used is 
CYC Cycione-fired 
m. Tangential 
VF Vertically fired, dry bottom 
WF WaIl-fked, dry bottom 
WB wet bonom 

2. The capacity factor reflezts the annual duration for which the NO, tecboiogy is in operation. 
3. The cost data presented arc taka from the curves shown m the refaced figures included in 

thisrrpoh 



TABLE 1-3 (Continued) 

K 
% 

x 

K 

1 e The legend for the symbols useti is: 
CYC  Cyclone-fired 
-rN Tangential 
VF Vertically fired, dry bottom 
WF wall-fired, dry bottom 
WB Wet bottom 

2. The capacity factQr refiects the am4 duriition for which the NO, y,echoIogy is in opemion. 
3. she cost dara presented are taken from the clgyes shown in the referenced figures included in 

?his report. 
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Cost Year 

Useful Life 

Plant  Capacity  Factor 

Carrying  Charges 

Leveliration  Factor 

Maintenance  Cost 
%. J 

Electrical Power  Cost 

TABLE B2-2 

ECONOMIC FACTORS 

November 1990 

20 years 

65% : 

0.1 15 

1.0 c 

1.5% (of capital)/year 

$O.O5/kWh 

Coal Cost:  Western  Subbituminous 

Eastern  Bituminous 

Midwestern  Bituminous 

Lignite 

Natural Gas Cost 

Ash Disposal Cost 

Anhydrous  Ammonia  Cost 

Urea Cost (50% solution) 

SCR Catalyst  Replacement  Cost 

SCR Catalyst  Operating Life 

Operator  Cost 

Water  Cost 

SO, Allowance 

$ 7  .OG/MMBtu 

$1 . GO/MMBtu 

$ 7  .45/MMBtu 

$1.58/MMBtu 

$9.0/ton 

$1 62/ton of dry NH, 

$350/f? 

3 years 

$21 .OO/person hour 

$1 fjO/ton 

B2- 7 7 
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The maximum  continuous  rating (MCR) conditions for the boiler consist of a main 
steam  flow of 2,200,000 Ib/h, a reheat  steam flow of 1,770,000 lb/h,  and  pressure/ 
temperatures of 2,625 psig/lOO5 OF/1005 OF. 

Eight  pulverizers a re  provided, each  supplying coal to the  three  burners in one  cell. 
Full-toad operation  can be achieved  with one  pulverizer  offline. The system  design is 
based o n  a minimum coal fineness of 70 percent  through 200 mesh. 

Two regenerative type air heaters are provided at t he  economizer  outlet. An 
electrostatic  precipitator (ESP1 located downstream of t h e  air heater  provides  control 
of particulate  emissions. Two half-capacity  forced draft (FD) fans deliver combustion 
air to the boiler. The flue  gases  from the  boiler .pass through t h e  ESP and are 
'discharged to the  atmosphere  through a stack by two half-capacity  induced  draft (ID) 
fans. 

The 600.MW unit  consists of a supercritica!,  once-through,  balanced-draft,  double- 
reheat,  single-furnace boiler. The boiier is equipped with 20 burner cells arranged in 
a two high and  five wide, opposed-fired  arrangement. Each cell contains two burners. 

The MCR conditions  for the  boiler consist of a main steam  flow of 4,050,000 lb/h, 
a high-pressure  reheat  steam flow of 3,350,000 Ib/h, a low-pressure reheat s team 
flow of 38050,000 Ib/h, and  pressure/temperatures of 3,800 psig/7005 O W 1  030 
OF/lQ55 OF. 

Five pulverizers  are  provided, each serv'ng  eight  burners in four cells. Full-load 
!L operation  can be supported  with  four ml la s. The design coal fineness is 78 percent 

. through 200 mesh. A 

The boiler backend  equipment  configuration is similar to the 300-MW boiler. There 
aie two regenerative  air  heaters,  an ESP, two half-capacity FD fans,  and two half- 
capacity 18 fans. 

3.2 PLUG-IN LOW-NOX BURNER APPLICATIONS 

The plug-in burner  technology  used  for this  study  entails direct replacement of each  
individual  burner in a cell with a new burner.  Overfire  air  (OFA) ports  are  added  above 
the top-most  burner  elevation.  This  technology has the  potential for retrofit in both 
two- and three-ceII burner boilers. 

The plug-in type burners  used in the study  can be supplied by most of the major  boiler 
suppliers.  One  supplier, Babcock and Wilcox (B&W), offers a different plug-in burner 
design. To date, this design,  referred to as ohe Low-NO, Cell Burner (LNCB) 
technology, has been applied only to boilers with two-burner cells. 

r -  

Cell-Burner Boilers 83-2 
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3.2.4 Levelized Cost Estimates 

The capital cost and  plant  performance  impacts  identified in this study  were  used to 
develop  the  overall  levelired costs for   the 300 and 600 MW units.  The costs were 
estimated  both in milslkwh  and  $/ton of NO, removed. For t h e  study boilers, the  
cost components  are as follows: 

MilslkWh Siton NO, 
300MW 600 MW 300 M W  600 MW 

Coal consumption 0.043 , 0.043 13.75 

50.63 Capital cost charge 026Q 0.1 83 83.70 
6.60 General  maintenance 0.034  0.024 7 0.92 
2.54 -Ash disposal 0.009 0.009 3.02 
1.87 Power  consumption 0.007 0.007 2.26 
1 1  -80 

Total levelized costs 0.353 0.266 1 1  3.65 73.44 

The scaling  methodology  defined in Section 2.4 of this appendix was used to extend 
the above costs to cover the boiler size  range in the  cell-burner  category.  Figures 53- 
4 and B3-5 s h o w   t h e  levelized costs in relation to the unit size. As shown for t he  200 
to 1,300 MW unit size range, the levelized costs vary  from  approximately 0.42 to 
0.195 mils/kWh and $1 63 to $48/ton of NOx removed. 

3.2.5 Sensitivitv  Analvses 

Capacity  factor (50 - 85 percent) 

NO, reduction (50 - 65 percent) 

Figures 83-6 through B3-11 show the  results of these variations on t h e  technology's 
capital  and levelized costs. The results  are  summarized below: 

a. The capital cost variation has a minor  impact on tbe capital and levelized 
costs. 

b. The capacity factor  variation has the  greatest  impact  on t h e  levelized costs 
(both milslkWh and $/ton of NO,). There is no  impacr  on the capital cost. 

22886.00Nnrh!G&?&il Cell-Burner  Boilers 53-6 



TABLE B3-3 (Continued) 

Air for Combustion, klb/hr 

Flue Gas  Leaving Boiler, klb/hr 

Total Soiid Waste,  klb/hr 

COAL. ANALYSIS: 

Proximate  Analysis, YO 
Moisture 

Ash 

Fixed Carbon 

Volatite Matter 

Uftimate  Analysis, YO 
Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Moisture 

HHV, Btu/!b 

Grindabiiity 

BOILER CHARACTERISTICS  AND NO, EMISSIQNS: 

Number of Burners 

Pulverizer  Performance 

Number sf Pulverizers 

Burners per Pulverizer 

Average  Excess Air, 96 

Ignitors 

22886.00WtuovVjrm21)d 
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Oriainal Modified 

2,372 2,379 
2.564 2,572 

25.7 26.3 

Eastern  Bituminous 

I 

46.0 

34.5. 

Oriainal  Modified 

24 24 

70% through 208 mesh 
8 8 

3 3 

20 28 

24  24 

83- 7 6 
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TABLE 53-8 (Continued) 

Air for Combustion,  klb/hr 

Flue Gas  Leaving Boiler, klb/hr 

Total  Solid Waste,  klb/hr 

COAL ANALYSIS: 

Proximate  Analysis, YO 
Moisture 

Ash 

Fixed  Carbon 

Volatile  Matter 

Ultimate  Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

' Suifur 

Ash 

Oxygen 

Moisture 

HHV, Btu/lb 
Grindability 

BOILER CHARACTERISTICS AND NOx EMISSIONS: 

Number of Burners 

Pulverizer  Performance 

Number of Pulverizers 

Burners per Pulverizer 

Average Excess Air, % 

22886.002\SMv\C~28d 

Oriainal Modified 

2,372 2,379 
2,564 2,572 
25.7 26.3 

Eastern Bituminous 
I 

8.0 i; 
L 

Oriainal Modified 

24 16 

70% through 200 mesh 

8 8 

.3 2 

20 28 

83-2 7 



TABLE B3-9 (Continued) 

Air for Combustion, klb/hr 

Flue  Gas Leaving Boiler, klb/hr 

Total Solid Waste, klb/hr 

COAL  ANALYSIS: 

Proximate Analysis, % 

Moisture 

Ash 

Fixed Carbon 

Volatile Matter 

Uttimate Analysis, ?4 

i 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Moisture 

HHV, &u/b 

Grindability 

BURNER  CHARACTERISTICS  AND NO, EMISSIONS: 

Number of Burners 

Pulverizer Performance 

Number of 'Pulverizers 

Burners  per Pulverizer 

Average  Excess  Air, % 

ignitors 

22886.00ZrS~~r~G~u2Boll 

Oriainal Modified 

4.61 9 4,633 

4,993 5,008 
50.1 51 -3  

Eastern Bituminous 

8.0 
/ 

11.5 ; 

46.0 
34.5 

i 

i 
. Oriainai Modified 

40 40 

67.7 

4.3 

1.3 
0.7 

11 -5 

6.5 

8 

1 2,200 
46 

70% through 200 mesh 

5 5 

8 8 

28 .20 

40 40 

B3-38 
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New coal reburn silo, feeder, pulverizer mill with classifier and 
inertingklearing  system, primary  air fan,  and seal air fan 

Reburn  burners  with  retractable oil lighters,  spark  ignitors,  scanners,  scanner 
cooling air fans  

OFA ports with flow adjustment  dampers  and  drives 

Piping systems  for pulverized coal, scanner air, and oil 

e Ductwork for primary air, secondary air, gas  recirculation,  tempering air, and 
seal air 

# 

Pulverizer pyrites removal system . 

Burner management  system (BMS) for the  pulverizer,  reburn  burners, and 
OFA, with an  interface to the  existing BMS system 

* Electrical  equipment,  including  switchgear circuit breaker, srep-down 
transformer,  switchgear,  and  motor  control  center 

0.  Building enclosure  for the  silo, feeder, and pulverizer mill 

$ Platforms  and  stairways f o r d c e s s  t o  the new  equipment 

The above  equipment/material  quantities  vary  between the  150 MW and 400 MW 
units.  (Refer to Tables B4-1 and 84-2.) For example, for the 750 MW unit,  only one 
pulverizer mill along with a coal silo, feeder, and primary air fan  are  required. To 
accommodate  the  large  reburn  fuel  use  rate  for the 400 MW unit, two half-capacity 
pulverizer mills must be provided. This requires  use of two coal siios, feeders, and 
primary  air fans. 

For the 150 MW boiler, the  coal reburn  burners  and the OFA ports are 
K’ boiler rear wall opposite the cyclones  (Figure B4-1). For the  400 

burners  and the OFA are installed on both the  front  and rear walls of theAboiier above 
the cyclones (Figure B4-2). 

The following  potential scope  adder  items  have  been identified for the  coal reburn 
retrofit.  (Refer to Section 2.3.1 of this Appendix for definition.) 

a. A stand-alone BMS system  for the coal reburn  equipment with a n  interface 
to the existing BMS system was used in this study. For certain  applications, 
it may be necessary to replace the entire  existing BMS system to make i t  
workable with the new  equipment. 

Cycfone-Fired Boilers 0 04-4 
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b. One  potential  impact of the coal reburning retrofit is an  increase in the 
amount of fly ash  exiting the boiler. For Nelson  Dewey,@' the inlet ash 
loading to ESP increased  from 1.3 Ib/MMBxu for the baseline  conditions to 
2.52 Ib/MMBtu for t h e  post-retrofit  conditions. This increase  resulted  from 
more of the total ash converting to fly ash. 

Despite the ash loading  increase,  Nelson  Dewey did not  report  any adverse 
impact  on the  ESP performance. In fact, the limited testing  done showed an  
improvement in the  average ESP outlet  emissions.  There was no  increase in 
the stack opacit as attributed to an increase in 
the  particle size 

For.the  study, it was  assumed that coal reburning has  no  impact on the ESP 
performance. To cover the potential for such an impact, costs were 
developed for an  extension of t h e  existing ESP surfaces to prowide two 
additional fields. This cost adder item also includes the  modifications 
required to the  existing ash handling system to cover the  additional ESP 
fields. 

4W-L 

" 
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c. For t h e  plants where asbestos-laden  insulation  exists  on the surfaces affected 
by t h e  coal reburn retrofit, a cost adder  item has been  shown for the  
asbestos removal  and  reinsulation of rhe affected surfaces. 

4.2.2 Performance irnoacts 

Tables B4-3 and B4-4 present t h e  design  and  performance  ratings of the 150 and 
400 MW boilers,  respectively. Both t he  original  design  and the post-retrofit  conditions 
are  shown. The analyses sf the  coal fired  and  baseline NO, emissions  are  also 
included. The coal reburning  performance is based on the  long-term  results  from 
Nelson Dewey.''' The highlights of the data presented are a s  follows: 

a. I t  'is assumed that the  low-NO, retrofit  has  no  impact on the boiier's 
capability to maintain the original MCR steam flow conditions, including the  
steam  flow  rates,  temperatures,  and  pressures. 

I_-- I 

_, - 

b. The coal reburning  impact  on the  flue gas temperatures in the boiler backpass 
and at the  air  heater  outlet is expected to be minimal. These temperatures 
are, therefore,  assumed to be the  same  for both pre- and  post-retrofit 
situations for the  study beiiers. 

c. The NOx reduction  for both boilers is assumed to be 50 percent.  The 
experience at  Nelson  Dewey showed reduction  efficiencies as high as 60 
percent. The long-term  operating data for this installation  when firing 
bituminous  and  western coals showed an  average  reduction of over 58 
percent. 

Cyclone-Fired Boilers 0 B4-5 
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Existing BMS modifications to incorporate the reburn  system 

Platforms  and  stairways  for access to the  new  equipment 

-. For the  150 MW boiler, the  gas  injectors  and  the OFA ports on the boiler x rear wall opposite the  cyclones (Figure 64-1 4). For the  400 
and t h e  OFA a re  installed on both the  front  and  rear 
cyclones  (Figure B4-15). 

The following  potential  scope  adder  items  have  been  identified for the  gas  reburn 
retrofit.  (Refer to Section 2.3.1 of this Appendix  for  definition.) 

a. I t  is assumed  that  the  existing BMS system can be modified to incorporate 
the  reburn  system. For certain  applications,  such a modification  may  not be 
technically feasible and a new BMS system  may be required. 

b. A gas recirculation system exists for both the  study boilers. As  discussed 
previously, a gas recirculation system  may  not be required for t h e  gas  
reburning  technology.  However, a cost estimate is provided for the  addition 
of a gas recirculation system for the Group 2 boiiers where such a system is 
not  present. This cost adder  item  includes a gas  recircuiation  fan, dust  
collector, ductwork,  existing ash handling  system  modifications to serve the 
dus t  collector, and  ’other  accessories. 

c. For the  plants  where  asbestos-laden  insuiation exists on the  surfaces affected 
by t h e  gas reburn  retrofit, a cost adder  item has been  shown  for t he  asbestos 
removal  and  reinsulation of the  affected surfaces. 

4.3.2 Performance lmoacts 

Tables 84-8 and B4-9 present the design  and  performance  ratings of the 150 and 
400 MW boilers,  respectively. Both the original design  and the  post-retrofit  conditions 
are  shown. The analyses of the coal-fired and  baseline NOx emissions  are aiso 
included. The   gas  reburning  performance is based on the long-term  operating  results 
of existing i ~ s t a l l a t i o n s . ~ ~ ~ ’  The highlights of t h e  data  presented  are as follows: 

a. I t  is assumed  %hat the low-NOx retrofit has no  impact on the boiler’s 
capability to maintain the original MCR steam flow conditions,  including the 
steam  flow  rates,  temperatures,  and  pressures. 

b. The gas reburning  impact  on the  flue  gas  temperatures in the boiler backpass 
and at the  air  heater outlet is expected to be minimai. These temperatures 
are,  therefore,  assumed to be the  same for both pre- and  post-retrofit 
situations  for the  study boiiers. 

Cyclone-Fired Boiiers * B$- 10 
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The SNCR technology's  effectiveness  generally  has  been  tied to the ability to injecl 
the  reagent  ina  proper  flue  gas  temperature  zone (1,800 to 2,000 O F  for urea).  Also, 
significant NO, reductions  are  considered  possible  only if an  appropriate  residence 
time exists in this effective temperature  zone. For many  boiiers,  this  temperature 
zone  occurs in the area of high-temperature  surfaces  where limited residence  times 
exist. 

. _. 

1 1  

A Experience @TI some  operating  installations  now shows that significant NOx 
reductions are possible with the reagent  injected at temperatures  exceeding t h e  above 
effective temperature tone.('*) The temperatures at t he  injection  points for these 
installations  have  been as high as 2,200 to 2,300 OF. These high temperatures  allow 
reagent  injection  within the  furnace. 

The critical NOx can be defined as the minimum NOx emissio;  achievable wilh SNCR 
for a given set of flue  gas  conditions. This minimum NOx is a function of the baseiine 
NOx concentration  and the flue gas temperature. I t  can be calculated by assuming 
that all nitrogen  reactions have infinite time to complete with the  result that the 
reaction  product species exist in their equilibrium  concentrations. 

.~ 

," 

The critical NOx calculations show tha t  at high  baseline NOx concentrations 
significant NOx reductions are still theoretically possible, even  though t h e  reagent is 
injected  outside of the effective temperature  zone. There is still'a need to select this 
temperature  carefully,  because the critical NOx emission  increases with increasing 
injection temperatures. 

As an  example, at a baseline NOx of 900 ppm, the critical NOx emission is 
approximately 325 ppm at 2,200F injection  temperature. This still represents a 
significant NOx reduction  potential,  even  though it is low in comparison to injection 
in t h e  effective Temperature  zone (at 1,9OOF, t he  critical NOx is approximately 50 
ppm).  At a n  injection temperature of 2,4OOF, t he  calculated critical NOx is 
approximately 600 ppm, which implies a low NOx reduction  potential. 

tn the  above  example, the  reagent  can be injected  outside of t h e  effective  temperature 
zone at  2,200F with a sizable NOx reduction. At this temperature,  concerns  regarding 
ammonia  slip  are minimized because  reagent  decomposition to ammonia  should  not 
occur until g a s   t e m p e r a w e s  are below 2,200F. 

For achieving  reasonable NOx reductions, it is necessary  that  the  baseline NOx be 
relatively  high.  At a baseline NOx of 500 ppm, the calculated  critical NOx is 
approximately 230 ppm at an  injection temperature of 2,2OOF, which shows a lower 
NOx reduction  potential (54%) compared to the porential (64%) at 900 ppm of 
baseline NOx. 

Since the  effective  temperature  zone  residence  time is expected to be limited for many 
Group 2 boilers, the critical NOx phenomenon allows injection of the  reagent at a 
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temperature  beyond the  effective temperature  zone. In practice, this method  may  not 
achieve  the  maximum NOx reduction  represented by the  critical NO,; however, as 
experience shows, reasonable NOx reduction  efficiencies  are  possible. 

The  baseline NO, levels for typical cyclone  boilers  range  from 0.9 to 1.8 Ib/MMBtu.'*' 
With these high levels, urea  can be injected in the furnace to achieve  substantial NO, 
reductions,  even if the required  residence  times  are  not  available in the effective 
temperature  zone. 

The SNCR systems for the  study boilers were  designed based on this critical NO, 
phenomenon.  The  design  and  location of the  reagent  injectors follow the  experiences 
from the above  operating  installations,  especially the one at B. 1. England. For the 
larger boiler, a higher  number of injector  levels is used. I t  is assumed that multip!e 
level injection can  be used for larger  boilers to achieve t h e  same NO, reduction as for 
the  smaller  boilers. 

e/ 
/ >L There is limited SNCR experience with large size boiiers. Proper mixing of the 

reagent with the flue  gas  would be a concern with these boilers.  However, it is felt 
that with proper flow modeling,  injector  designs  and  locations  can be selected for a 
viable SNCR application. 

The NOx reduction  efficiency for this study was selected to maintain a maximum 
ammonia  slip of 10 ppm. The  source of urea was assumed to be the  NO,OUT 
reagent  commercially  supplied  by Nalco Fuel Tech.  The 10 ppm  ammonia slip is 
selected to minimize concerns  regarding  adverse  impacts of ammonium salts on the 
boiler backend  equipment.  The  ammonium salts can  form via reaction between the  
unreacted  ammonia  and  sulfur-trioxide  present in the  flue gas  stream. 

The results  of the SNCR technology  evaluations  for this study are presented below. 

4.4.1 EauiDment and Material Modifications 

Tables B4-7 1 and 84-12 list the  major new  equipment  and  materials required for 
retrofitting the SNCR technology  for the 750 MW and 400 MW boilers,  respectively. 
These tables also include  descriptions of the major  modifications  required to the 
existing  equipment.  The  equipment  additions  and  modifications  include: 

Urea solution  storage  tank 

Urea circulation  module  consisting of pumps,  electric  heaters,  and piping to 
maintain urea in storage at a proper  temperature 

0 Metering  module  consisting of urea  metering  pumps, dilution water pumps, 
and piping to provide  metered flow of urea  and dilution water to the injectors 

C yclone-fired Boilers B4- 75 
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Urea price ($0.7 - 0.8/gailon) 

Figures B4-36 through 134-45 show t h e  results of these variations on the technology's 
capital  and levelized costs. The  results are summarized  below: 

a. 

b. 

C. 

el. 

e. 

The capital cost variation has a minor impact  on t h e  capital  and levelized 
costs. 

The capacity factor variation has a relatively low impact on the levelized 
costs (both mils/kWh and $/ton of NO,), There is no impact  on the capital 
Cost. e 

NO, reduction variation has no impact on the capital cost  and levelized COST 
in mils/kWh. I t  has the greatest  impact on the $/ton of NO, costs. 

The urea price variation has a relatively low  impact on  the levelired costs. 
The capital costs are  not affected. 

The NSR variation has 8 significant  impact  on the levelized costs and  no 
impact on the capital cost. 

4.5 SELECTIVE CATALWlC REDUCTION (SCR) APPLICATIONS 

, -  

, 

The SCR technology has been applied extensively to  fossil boilers. The majority of 
this experience to date has been on low to  medium sulfur fueis. Also, coal-fired 
installations have generally consisted of pulverized coal (PC) boilers. One installation 
on a cyclone-fired boiler is at the Merrimack Power  Station of Public Service of New 

\ Hampshire. The SCR system installed at %he 320 MW Unit 2 of this station -is- 
scheduled to complete startup in June 1995."91 

- 

The design  and  performance  estimates for the  SCR system in this study were based 
on the published data"g2') and information received from the   supplier^.'^. z2- 231 In 
addition,  Bechtel  inhouse  information  from  various  past  studies  and three coal-fired 
SCR installations (two of them  operational) was used. 

The SCR system  design is greatly  influenced by site-specific factors, which vary 
between power plants. In general, the most  important  factors  are  common to all 
types of coal-fired boilers. They include the  fuel characteristics, flue gas 
temperatures,  and space available for the  SCR reactors.  The  cyclone boilers do Rave 
certain specific features that require  consideration in the  SCR design. However, the  
majority of the technology  experience  on PC 'boilers is appiicable to  the  cyclone 
boilers. 

Cyclone-Fired Boilers e 84- 79 
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Air for Combustion,  klb/h 

Flue Gas Leaving Boiier, klb/h 

Total Solid Waste, klb/h 

COAL ANALYSIS: 

Proximate  Analysis, % 

Moisture 

Ash 

Fixed  Carbon 

Volatile  Matter 

Ultimate Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Moisture 

HHV, Btu/lb 

Grindabiiity 

BOILER CHARACTERISTICS AND NO, EMISSIONS: 

Number  of  Cyclones 

Number of Reburn  BurnerdOFA Ports 

Number of Pulverizers 

Burners per Pulverizer 

Average Excess Air, % 

NOx Emission, Ib/MMBtu (100% Load) 

Increased Auxiliary Power, kW 

1,152 1,152 

1,317 1,317 

12.9 13.1 

Midwestern 
Bituminous 

~ 5.8 i 
.. 11.7 

44.5 

38.0 i 

66.4 & 

1.3 ry$. 

17.7 \ 
7.6 \ 1 

I 

1 1,900 

50 

Oriainal 

4 

NA 

NA 

NA 

16 

1-40 

Base 

Modified 

4 

4 

4 

4 

16 

0.70 

476 
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Air for Combustion, klb/h 

Flue Gas Leaving Boiler, kIb/h 

Total Solid Waste, klbh 

COAL ANALYSIS: 

Proximate Analysis, 96 
Moisture 

Ash 

Fixed Carbon 

Volaiile  Matter 

Ultimate Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Moisture 

HHV, BtuAb 

Grindability 

BOILER CHARACTERISTICS AND NOx EMISSIONS: 

Number of Cyclones 
Number sf Reburn Burners/OFA Pons 

Number of Pulverizers 

Burners per Pulverizer 

Average Excess Air, % 

NO, Emission, ib/MMBtu (100% Load) 
Increased Auxiliary Power, kW 

29885.0U?V&tdvWbd 
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3,227. 3,227 
3,692 3,692 

35.9 36.7 

Midwestern 
Bituminous 

5.8 
0 71.7 

44.5 
38.8 , 

66.4 

4.5 

1.3 

7-6 i. 

11,900 1 
50 1 

i 

5.8 1 

Oriainal 

12 

NA 

NA 

NA 

16 

1.3 

Base 

Modified 

12 

12 

2 

6 

16 

8.65 

1,462 
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Coal Consumption, tondh 

Air for Combustion, klb/h 

Flue Gas Leaving Boiler, klb/h 

Total Soiid Waste, klb/h 

COAL ANALYSIS: 

Proximate Analysis, % 

Moisture 

Ash 

Fixed  Carbon 

Volatile  Matter 

Ultimate Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 
Moisture 

HHV, Btu/Ib 
Grindability 

Natural Gas  Analysis, % by volume 

CH4 

C2H6 
N2 

HHV, Btu/scf 

54 44 

1 , I  52 1,148 

1,317 1,306 
13 10 

Midwestern 
Bituminous 

5.8 
11.7 j 

44.5 i 
38.0 j 

11.7 i ' 1  

7.6 i 

1 9,900 5.8 I 
50 I 
90 q 

1,002 

B4-48 



Coal Consumption, tondh 

Air for Combustion, klb/h 

Flue Gas Leaving Boiier, klb/h 

Total Solid Waste, klb/h 

COAL  ANALYSIS: 

Proximate  Analysis, % 

Moisture 

Ash 

Fixed Carbon 

Volatile Matter 

Ultimate Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Moisture 

HHV, Btuflb 
Grindability 

Natural Gas Analysis, 96 by volume 
CH4 
6 2 H 6  

N2 
HHV, Btu/sef 

Appendix B= 

'152 123 

3,227 3,215 
3,692 3,660 

36 29 

Midwestern 
Bituminous 

. 5.8 

11.7 

44.5 

38.0 

66.4 

4.5 

1.3 

2.7 j 

, 14.7 i 

7.6 i 
5.8 

lli900 f 

50 j 

I 
i 

I 

90 
5 

5 

1 ,QO2 

B4-5 1 
r -  
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Air for Combustion, klb/h 

Flue Gas Leaving Boiler, klb/h 

Total Solid Waste, klb/h 

COAL ANALYSIS: 

Proximate Analysis, % 

Moisture 

Ash 

fixed Carbon 

Volatile Matter 

Ultimate Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Moisture 

HHV, Btu/lb 

. Grindability 

BOILER CHARACTERISTICS  AND NO, EMISSIONS: 
Number of Cyclones 
Average Excess Air, % 

NO, Emission, lb/MMBtu (100% Load) 

Increased Power Consumption, kW 

1,152 1,760 

1 3 1  7 1,351 

13 13.1 

Midwestern 
Bituminous 

5 .$ 
11.7 i 

I 

44.5 

38.0 

66.4 

4.5 

1.3 

2.7 

i 
Orioinal Modified 

4 4 

16 96 

1.4 0.91 

Base 67 

B4-6 1 
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Air for  Combustion, klb/h 

Flue Gas Leaving Boiler, klb/h 

Total' Solid Waste,  klbh 

COAL  ANALYSIS: 

Proximate Analysis, % 

Moisture 

Ash 

Fixed Carbon 

Volatile Matter 

Ultimate Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 
Ash 

Oxygen 

Moisture 

HHV, Btu/lb 
Grindability 

BOILER CHARACTERISTICS AND NOx  EMISSIONS: 

Number sf Cyclones 

Average Excess Air, '36 

NO, Emission, Ib/MMBtu (100% Load) . 

increased Power Consumption, kW 

" 

3,227 3,249 

3,692 3,799 
36 36.2 

Midwestern 
Bituminous 

5.8 
11.7 

44.5 

38.0 

66.4 

4.5 

1.3 

2.9 

14.7 

7.6 

5.8 

1 1,900 

50 

Briainal Modified 

12 12 

16 16 

1.3 0.85 

Base 205 -. 
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Air for Combustion, klb/h 

Flue Gas Leaving Boiler, klb/h 

Total.  Solid Waste, klb/h 

COAL ANALYSIS: 

Proximate Analysis, % 

Moisture 

Ash 

Fixed  Carbon 

Volatile Matter 

Ultimate Analysis, YO 
Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Moisture 

HHV a g y k  

BOILER CHARACTERISTICS  AND NOx 
EMISSIONS: 
Average Excess Air, % 

NO, Emissions, ib/MMBtu (100% Load) 

Increased Power consumption, kW 

Urea Consumption, gallh 

Water Consumption,  gal/h 

BOILER EFFIClENCY BY HEAT LOSS: 

Dry Gas Loss 

2 2 8 8 5 . W ~ h i l  

800 804 . 

860 864 

6.77 6.8 

Eastern Bituminous 

5 -0 
10.0, 

53.5 

31 -5 

' 71.8 

4.7 

1.2 

2.1 

1 0 . 0  

5.2 

5.0 

73 ,100  

22 22 

0.95 0.62 

Base 25 

Base 1 0 0  

Base 1 ,320  

4.07 4.07 

B5-12 
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Air for  Combustion, klb/h 

Flue Gas Leaving Boiler, klblii 

Total Solid Waste, klblh 

COAL  ANALYSIS: 

Proximate  Analysis, % 

Moisture 

Ash 

Fixed Carbon 

Volatile Matter 

Ultimate Analysis, B/O 

Carbon 

Hydrogen 

Nitrogen 

S U l f U P  

Ash 

Oxygen 

Moisture 

BOILER CHARACTERISTICS AND NQx  EMISSIONS: 

Average Excess Air, % 

NO, Emission, Ib/MMBtu (1 OQ% Load) 
Increased  Power  Consumption, kW 

Urea Consumption, gal/h 

Water  Consumption, galih 

BOILER EFFICIENCY BY HEAT LOSS: 
Dry Gas Loss 

2,082 2,09 1 

2,240 2,250 

17.95 18.04 

Eastern Bituminous 

5.0 

10.0 

53.5 

, . .. 

2.1 

10.0 f 
i 

5.2 I 
5 -0 

13,100 

20 20 

0.92 0.60 
Base 7 09 

Base 260 

Base 3,370 

r -  

4.00  4.00 
- 
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Air for Combustion, klb/h 

Flue Gas Leaving Boiier, kib/h 

-. Total Solid Waste, klbih 

COAL  ANALYSIS: 

Proximate Analysis, % 

Moisture 

Ash 

Fixed Carbon 

Volatile Matter 

Ultimate Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Ash 

Oxygen 

Moisture 

HHV, Btuflb 

BOILER CHARACTERISTICS AND  NOx  EMISSIONS: 

Average Excess Air, YO 
NO, Emissions, ib/MMBtu (100% Load) 

Increased Power Consumption, kW 

Urea  Consumption, gal/h 

Water consumption, gal/h 

90 1 907 

971 977 

13.6 13.7 

Eastern Bituminous 

4.5 

15.8 

50.5 

29.2 

c 

69.3 

4.3 

1.2 

0.6 

15.8 

4.3 

4.5 

12,100 

i 

Oriainal Modified 

15 15 

7.20 0.78 

Base 51 

Base 150 

Base 1.930 

B6-12 



Air for Combustion, kib/h 

Flue Gas Leaving Boiler, klb/h 

Total Solid  Waste, klb/R 

COAL ANALYSIS: 

. Proximate Analysis, '36 

Moisture 

Ash 

Fixed Carbon 

Volatile Matter 

Ultimate Analysis, % 

Carbon 

Hydrogen 

Nitrogen 

Sulf ur 
Ash 

Oxygen 

Moisture 
HHV, BtuAb 

BOILER CHARACTERISTICS AND NQ, EMISSIONS: 
Average Excess Air, '36 

NOx Emissions, Ib/MMBtu (100% Load) 
lncressed  Power  Consumption, kW 

Urea Consumption, gaVh 
Water Consumption, galh 

Appendix 

7,649 4,659 

4,777 7,788 

24.9 25.4 

Eastern Bituminous 

29.2 

6 9 . 3  

4.3 

' .  9.2 

0.6 1 
45.8  ' 
4 . 3  

4.5 : 

12 ,700  

Oriainal Modified 
15 45 

1 . 2 0  0.78 

Base 95 

Base 275 
Base 3,538 

B6-15 

-- 

" 
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TABLE 14 

SUMMARY OFRESULTS 

TANGENTIALLYFIREDBOILERS 
COST OF SNCR APPLICATIONS ON DRY-BOTTOM WALL- AND 

1. The  legend  for ?he symbols used is: 
m Tangential 
WF Wall-fired, dry bottom 

2. The capacity factor reflects the annual duration for  which  the NO, technoiogy is in operation. 
3. The cost data presented are taken hxn the curves shown in the referenced figures inciuded in 

thisrepon 



2.0 METHODOLOGY AND GENERAL ASSUMPTIONS 

The methodology and assumptions used in  selecting the applicable NO, control technologies  and 
conducting the  technical and economic evduations for this project are detailed in this section. 

.. . 

2.1 Technology Selections 
5 6/ 

- 1  

$,k fable Iycategoriq#'the comercially available  technologies  and  their NO, control  potential 
for  various  boiler types. As shown i~ this table,  the NO, reduction  effectiveness  varies  de- 
pending on  the  site-specific  conditions  for any given application. 

r -, 

The study criteria define theg)aselh$~O, rates  for  the dry-bottom waII-fired  and  tangential 
>( boilers  burning  coal to be 4245 and &5 lbMvBtu, respectively  (these  rates  being  required by 40 

CFR'Part 76). The baseline NO, rates for the  Same  boilers on oiI  and gas are defined as 0.3hd 
0 2 5 % ~ ~  respectiveiy, because these rates currenlly are being  achieved  on gas- and  oil- 
fired  boileis. It is assumed that these NO, rates correspond to boil& equipped with low-SO, 
bumers only (no overfk air ports). 

,- - 

-~ 

The  above  assumption implies that full credit can be taken for the NO, reduction  potential  of  the 
technoiogies (such as gas reburning) utilizing overfire air pons. Without this assumption, appli- 
cation  of  these  technologies to boilers witb existing overfire air porn wodd be possible only if 
the ports are replaced with the new ports associated with the techologies. Deletion of the 
exisping ports would  have a corresponding impact of increasing the bwiine NO, levels, thus re- 

~ . ~ j  

". 

quiring a hi&= NO, duction 10 achieve 0.15 1b"Btu. 

$ As per the  study cxiteriq the NO, reducton efficiencies quirecl to meet the 0.15 lb"Btu&o~ 
'the gas- and oil-fired boilers are 40 and 50 percent, respectively.  For cod-fired  boilers,  these 
efficiencies  range fiom 66Hto 87.H pent. 

7 2 
Based on the  above background i & o d o n  and ilSSUmptioIIS, assessmena  of  the  f-ibility of 
applying various technologies to the study boilers is as follows: 

( e The various components of combustion controls include low-NO, hers, overfire air porn, 
and gas recimhion fans. Where applicable,  the study boilers are afready equipped witb 7 1 low-NO, burners. Since these burners reflect a major podon of the o v d  effectiveness of 
combustion conmls, installation of other techology components on these boilers to achieve 
0. IS Ib/MMBm does not appear possible. ' i  

e The  coal reburning tecfrnoiogy is not f a ib l e  for application on a ~ y  coal-fired study boiler, 
3 since the minimum quired NO, reduction efficiency  of 6637pcent is stif1 higher than the' 

maximum potential  of this technslogy (50 percent duction). 
, .  

The gas r e b e g  technology can provide a NO, reduction ranging from 40 to 60 p e n t .  
Since the reductions to achieve  the 0.15 Ib/"Btu level for the gas- and oil-fired boilers fill 
within this range, this technology is considered to be a suitable candidate  for these boilers. It 
is to be recognized that site-spesific &tors for  some piants may pose serious comrainlts r -x 
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1) Gas temperature at the  injection  location 
2)  Urea/ammania injection location and injector design 
3) Chemical reagent type and stoichiometry 
4) UncontroIledNO, emissions 

As mentioned io almost all SNCX technical ref-=, the SNCRprocess aperates optimally over 
a ItAatively narrow temperatwe range with either ammonia- or urea-bssed reagents. This xange is 
fiom 1600" F to 1850 F with peak removals nominally OCcMing at 1750 F. However, data 
presented m 191 have shown that reagents can be successfully injected m furnace locations  with 
temperatraes as high as 2400" F, ifthe baseline NO, level is relatively high. This concept, described 
m some detail in [8,9], opens new options for SNCR impKaentatii0n on Group 2 boilers, which 
tvpicany exhibit a furnace exit gas temperature (€EGT) above  2100" F, as well as high boiler outlet 
NO, CORC~R~E~~~OLIS (> 1 lb/"Btu). Test data for the three projects  mentioned  previously are 
presented in Table C-10. 

These data confirm the CORCMS of ICAC member companies [8,9] regarding the  effectiveness of 
urea injection ia gas with higher than 2100" F. However,  they also show that NO, 
reduction is greater for operation within the optimum temperature range, and the reguired urea 
stoichiometry is lower- 

0 yltdAmm0nl a IO~ect~an Location and Iniector Tecbnolo~ . . .  

The  appropriate  choice for SNCR injection location and injector technology will be based on two 
COZ&,ZX&O~S, mly I) providing a Miform reagent distributian in the gas flow, and 2)  providing 
a proper time-temperatwe regime. Tcst data for 13 Iargc-scale SNCR applications provided in [ 11 
show tbat the highest efficiency can be achieved by injecting the reagent into the firmace, even if the 
t e n p a t m  at the jnlection location is higber than optimum It was mentioned in [9] that the  lower 
efficiency that occurs when the injection system is installed in cavities of the convective pass is 
caused by lower residence tiue and aobrmiform distribution of the reaga Also, a convective  pass 
injection systan is Usuanymore compIicated ad, more costly. Therefore, injection into 
thefinoaceisthemostcommon~bothM.Tand~daceGroup2boilerapplicationsdiscussed 
above  have used multi-level in-furnace injection tbmw Wall-mounted injectors. 

Either urea or ammonia can be used as the reagent in an SNCR applicatiox~ Kinetically,  one  moie 
ofurea~reactwithtwomoiesoMO,whiieonemJleof~~wiIireactwithonemoleofNO,. 7 nusy i n ~ a r ~ e e  use ofurea instead ammonia may result in lowering the requin~ reagent 
quantiv. Additionallyy urea is safer to hzndle and its use can lead to a lower cost for reagent 
handling and supply equipment Urea was used on both NFT process applications at the B.L. 
England  and the Mercer stations. A system designed by NOELL for the Arapahoe station is also 
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Appendix B 
.e 

1 .O INTRODUCTION -~ 

This  appendix  documents  detailed  results of a sxudy conducted by Bechtel  Power 
Corporation to develop costs associated with  various NO, control  technology  applica- 
tions  for the coal-fired,  Group 2 boilers. For each Group 2 boiler category, one or 
more  applicable NO, control  technologies  were  studied.  The  technology  selection 
was  provided by the  U.S. Environmental  Protection  Agency (EPA), as discussed in the 
main report.  The  Group 2 boilers  and the low-NQx  technologies  covered in the study 
are as follows: 

r , , 
3 1  

,, .. 

, .~. 

'a. Cell-Burner  Boilers . 
'" -. 

0 Combustion  modifications Iphg-in low-NOx burners) 

0 Combustion  modification (non plug-in low-NO, burners) 

b. Cyclone-Fired  Boilers 

0 Coal  reburning 

0 Gas  reburning 

Selective  non-catalytic  reduction (SNCR) 

0 Selective  catalytic  reduction (SCR) 

c. Wet-Bottom  Boilers 

0 SNCR 

d. Vertical-Fired,  Dry-Bottom  Boilers 

The primary  objective  for this study was to develop costs that accurately  represent 
typical  low-NQx  technology  retrofit  applications  for the Group 2 boiiers.  The costs 
developed  included  both  capital  and  levelired costs. To facilitate  compari ons 
between  various  technology cases, the levelized costs were  estimated  both in miA 4 per 
killowatthour (mik/kWh) and  dollars per ton ($/ton) of NO, removed. 

The study activities  included  seiection of boilers  for  each  technology  application, 
determination of performance  and  equipment  impacts of the  technology  retrofits, 
estimation of capital  and  levelized costs, and  development of'cost aigorithms to cover 
the plana size  range existing within  each  boiler  category  population. In addition, 

r- 
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May 28,1996 

1707 L Street, NW 
Suite 570 
Washington, DC 20036-4201 
202.457.0911 
Fax: 202.331.1388 
Internet: icac@tmn.com 

JUFFREY C. SMITH 
Exemlive Di7ectur 

Mr. %vi K. Srivastava 
U.S. Environmental f i ~ t e ~ t i ~ ~  Agency ( 6 2 W  
401 M Street, SW 
Washington, DC 20460 

Dear Mr. Srivastava: 

The Institute of Clean Air Companies,  Inc.  (ICAC) is pleased to submit the 
following comments on the draft repo&  “Cost Estimates for Selected  Applications of  NO, 
Control Technologies on Stationary Combustion Boilers,” and on appendix to the report, 
“Investigation of Performance and Cost of NO, Controls as Applied to Group 2 Boilers.” As 
you  know,  ICAC is the national association of companies which supply stationary source 
air pollution monitoring and control systems, equipment, and services. Our members 
include leading suppliers of selective  catalytic and non-catalytic reduction (SCR and 
SNCR), and also of  low-NO, burners, reblarn  systems, and NO, and ammonia monitoring 
systems. 

The report should note that cost effectiveness values (expressed in $/ton 
of NO, removed) will decrease as capacity factors increase  above 6!5 percent. 
Given the likelihood that some sort of trading scheme will accompany tightened NO, 
limits, boiler  owners can be expected to install controls on the highest capacity factor 
boaem: doing so will spread capital and fxed operating costs over the greatest number of 
tons of averted emissions, thus minimizing total costs per ton. 

The repoh shouid  inclu6e  calculate6 SNCB costs for all boiierifuei 
combinations. While  SNCR alone  may not be suf‘iicient to redud NO, emissions to 0.16 
IbLMMBtu in dl cases, SNCR  may be part of combinations of control technologies  which 
dQ. 

The report overestimates  initial catalyst charges and catalyst 
replacement  rates  for SCR, and thus overestimates SCR costs. Actual original 
bsMed catalyst volumes  (cubic meters of catalyst per MW of plant capacity) are 20-75% 
lower than the volumes used in the report. Improvements in catalyst technology and 
experience  over time have allowed installation of smaller catalyst volumes. 

The  report also conservatively assumes total replacement of the catalyst bed  every 
three years for coal-fired  boilers. This assumption inflates actual catalyst replacement 
costs by a factor of 1.3 t o  3, depending on boiler type, and therefore introdum 
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Mr. Ravi K. Srivastava 
May 28,1996 
Page 2 

unacceptzible errors into the cost  calculations. Industry experience  universally supports a 
staged  addition-replacement strategy for extending catalyst life. No SCR systems on coal- 
fxed boilers will require total catalyst changeout at the end of the guarantee period. 

Table 1 gives initial catalyst volumes and catalyst replacement rates for existing 
high-dust SCR systems on coal-fwed boilers, as well as predicted rates given in several 
commercial  bids  made  by one catalyst supplier.  Table 2 contains recommendations by that 
same catalyst supplier for initial catalyst volumes and average  replacement rates. 

Specific comments: 

I p. 2-2, fourth paragraph: SCR systems will not necessarily  lead to ericessive SO, to SO, 
conversion rates; SCR catalysts are available  which oxidize less than 1% of the SO, to SO,. 

, p. 3-2 An average catalyst replacement rate of 4,680 ft'lyr is high, as noted above. 

p. 3-2 An average catalyst replacement rate of 5,417 fis/yr is high, as noted above. 

p. 4-1: A catalyst operating life of 5 years is low for natural gas service; a life of 8-10 years 
would be more representative of a d  operating experience 

Appendix,  p. B4-22: other SCR system components not listed are reactor structural 
support steel and NO, analyzers and miscellaneous instrumentation 

Appendix,  p. €34-67, B4-69 200 feet of ductwork  between the air blowers and ammonia 
injection grid seems high 

Appendix,  p. B4-68: we  question whether two new  forced draft fans appropriate to a 
pressurized unit would be necessary 

Appendix, p. B4-70: we question whether two new  induced draft fans would be necessary 

Appendix, p. "7.2: we question the inclusion of the cost of "draf't fans as" as a neessary 
part of the cost of an SCR system 

Appendix,  p. C-49 The SCR design NO, removal  efficiency is 47% at Stagtoa 2, and 53% 
at Birchwood. The actual removal  efficiency is 63% at Logan (formerly  Keystone), 59% at 
hdiantown, and 65% at Merrimack.  (Note that the 1999 removal  efficiency target at 
Merrimack on the installation of additional catalyst is go%.) 

Appendix,  p. C-55, second paragraph Designing the SCR system  for uniform mixing of 
ammonia in the flue gas upstream of the reactor helps to achieve  low  ammonia  slip. 
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P h s e  let US know if you have  any questions regarding our comments or wish 
additional information, 

Sincerely, 

Michael J. Wax 

cc: Perrin Quarks Associates, Inc. 
501 Faulconer Drive, Suite 2-B 
Charlottesville, VA 22903 
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The  use of low NO, retrofits on cell burners could  change  the  burner pressure drop relative to the 
original boiler operation and, thereby, impact the  required forced draft fan power. 

Similar to.low-NO, burners used on Group 1 boilers, cell bumer  retrofits typicaUy have a higher 
pressure drop than regular burners because of their basic design. However, for  some retrofit 
shuations, it may be diflicult to observe changes because, in addition to bum= replacexnea~ the air 
distribution systemmay also be modified. This observation can be supported by camparison of two 
of the cell bureer re.m& projects being cited The retrofit at J. M. Stuart Station was conducted by 
replackg allofthe existing 24 ceI3 burners with 24 IOW-NO~ cell burners without significant changes 
in the b o W s  air d i s r i b h n  system. As a result, the  average  burner pressure drop increased by 2.3 
inches H20. At the W. H. Sammis Power Station, where the retrofit included significant changes in 
theair distribution system, the pressure drop &om windbox-to" was a c M y  reduced fiom its 
original level by 0.64 inches H,O. No data are currently available for the other  projects. 

As with Group 1 LNBs, the apumacb equipment c ~ U  b - a  with lOW-NB, 
A."?i?irofit  burners is likely to increase drop by s e v d  inches H,O based on the 
i Stuart Station res&. However, d ike  the Sammis Station remfi4 the burner air distn'bution system 

is g&& to be modified for most retrofits of this type, and the distribution system pnssure drop 
shodd not change. Therefore, based OD the limited data available h m  current remfit projects, the 
totalwindbox-t~~pressure~tnayincrcaseby~tosweralinr=hesH~O. Whilethisincrease 
should be incaporated into the boilerre$mfit cost assesgnenf no quantitative sensitMy analysis is 
W m t C X i .  

r -  

Table C-2 shows Rill- and patt"1oad NO, reduction performance for all six cell burner retrofit 
projects previously identified It is evident h m  this table  that aU four  low-NO, plug-m retrofits 
provide significant NO, reduction, as compared to baseline operation. For the projects with <-I 

installation ofplug-in relro&s, the range of NO, reduction at full load is between 50% and 55% . 
(since it is not known whether Detroit Edison's Monroe Unit #1 was tested at its nominal full load 
and whether this unit bad a low baseline NO, level). mote also that these projects do not indude ~~ 

overfire air.] For p&-m bprmers with overfire air &e expected NOx reductions are 5045%. [The 
"non p l u g "  type retroGts of celI burners has yidded up to 69% NO, reduction at full load.] 
[A smaller  percent reduction of 37% was obtained at 60% load, but was most likely due  to a 
relatively low NO, production level during the pre-retrofit conditions, rather than a d t  of 
degradation of ntrohtted boiler paformmce at partid load. Notice that NO, emissions' for the 
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May 23,  1996 

Ms. Peggy Quarles 
Perrin Quarles Associates, Inc. 
501 Faulconer Drive 
Suite 2 - D  
Charlottesville, Virginia  

Dear Ms. Quarles: 

Thank you for  the  opportunity t o  review the  draft  report  entitled "Cost 
Estimates for  Selected  Applications of NO, Control Technologies on 
Stationary Combustion Boilers." The following are our  comments regarding 
the  draft  report. 

This report i s  comprehensive, and will serve a valuable function t o  
u t i l i t i e s  attempting t o  select an appropriate NO, reduction  technology. 
Due t o  the  timely importance of the information and the  influence of the 
€PA documents regarding  the  selection of appropriate compliance 
technologies, i t  i s  crit ical   that   the information w i t h i n  the  report be 
accurate and reflect  current knowledge and experience. We would 1 i ke t o  
address five  critical  issues t h a t  are not  correctly  represented i n  t h e  
draft  of this  report: 

1: 

2: 

3:  

4: 

The report should assume the use  of a catalyst management plan for 
SCR systems. The use  of management plans reduce annual catalyst 
replacement costs by a t   least  65 percent. Not assuming the use o f  a 
catalyst management plan results i n  the  inaccurate,  nonrepresentative 
characterization of SCR costs. 
Published da ta  reporting  results o f  SNCR installations does n o t  
support the  report's assumption t h a t  SNCR has a NO, reduction 
capability o f  50 percent. SNCR has demonstrated capability  for 
re1 iably removing 20 t o  40 percent NO, reduction on small t o  medium PC 
boilers while  maintaining ammonia s l ip  i n  acceptable  ranges. 
The report does not discuss or reflect  potential economic impacts 
caused by the ammonia s l i p  from SNCR systems such as forced  outages 
and boiler load 1 imitations. Experience has indicated  that numerous 
SNCR installations need relatively frequent offline  cleanings of the 
a i r  heater when using SNCR w i t h  sulfur bearing fuels. Forced outages 
would be very expensive t o  accommodate especially dur ing  the summer 
peak season. 
The capacity  factor used (65 percent) i n  the economic analysis o f  the  
report i s  t o o  low. Likely target baseload units  operating during the 
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5 month "NO, season"  are   l ikely  to  have very  high  capacity  factors (85 
t o  95 percent) du r ing  this summer peak period. Assuming a 
misrepresentative  value  of 65 percent  has a pun i t ive   e f f ec t  on 
capital   intensive  technologies such as  SCR. 

5: Curren t ly ,   th i s   d raf t  version appears  very  heavily  biased  towards 
SNCR and against  SCR when discussing  post-combustion NO, control 
systems. We be l i eve   t ha t   i t   i s   mi s l ead ing  t o  imply t h a t  the 
ins ta l  1 ation  of an SNCR system w i  11 re1  iably  lead t o  50 percent NO, 
reduction  with ammonia s l i p   l e s s   t h a n  10 ppm with no po ten t ia l   for  
significant  detrimental  impact on plant  operation.  Experience  has 
demonstrated tha t  this performance level t o  be the exception, n o t  the  
rul e. 

We r e a l i z e   t h a t   i t  may be d i f f i c u l t   t o  make s ign i f i can t  changes t o  the 
repor t ,   bu t   to  n o t  r e f l e c t  these comments regarding SCR and SNCR 
performance and cost  'will  mis-inform  the users o f  this report  with  respect 
t o  t he  performance. cos t ,  and plant  impacts of  post-combustion NO, control 
techno1  ogi es .  

Further  discussion of these comments i s  included as an a t tachment   to   th i s  
l e t te r .  I f  you have any questions  regarding  these comments, p lease   ca l l  
e i t h e r  me (913-339-7785) or John  Cochran (913-339-2190). Our fax number i s  
913-339-2934. We look  forward to   d i scuss ing   these  comments w i t h  you. 

Sincerely,   Sincerely , 

'John R. Cochran Michael G. Gregory 
Manager-Air Quality  Control  Section NO, Control  Unit  Leader 

Attachment 

cc: Ravi Srivastava - US EPA 
Vol ker Rummenhohl - STEAG 
Je f f  Smith - ICAC 



BLACK & VEATCH COMMENTS REGARDING D R A F  REPORT OF "COST ESTIMATES FOR 
SELECTED APPLICATIONS OF NO, CONTROL TECHNOLQGIES ON STATIONARY COMBUSTION 
BO I LERS" 

SCR CATALYST MANAGEMENT: 
On page 3-1 o f  the d ra f t   r epor t ,   t he  assumption is  s t a t ed   t ha t  "a ca ta lys t  
management s t ra tegy  is  not used for t h i s  evaluation." T h i s  assumption i s  
used for   a l l   bo i le r   types .   This  i s  n o t  a val id  assumption  considering  the 
current  design  philosophy  for SCR systems. The ca t a lys t   l i f e   gua ran tee  i s  
a measure of how long the ca t a lys t  will meet both NO, reduction 
requirements and ammonia s l i p   l i m i t s .  However, when the ca ta lys t  i s  unable 
t o  meet these requirements, there i s  s t i l l  70 t o  80 percent of or iginal  
c a t a l y s t   a c t i v i t y  remaining. A c a t a l y s t  management plan will increase  the 
e f fec t ive   u t i l i za t ion   of  this remaining ac t iv i ty .  To not assume a catalyst 
management plan results in inaccurate and non-representative economics to 
be presented  for SCR. 

The design  basis used f o r  the tangent ia l   bo i le r  example i n  this report  has 
an average  catalyst  repl acement value o f  4,680 ft3/yr.  Therefore, i t  
appears   tha t   the   to ta l   ca ta lys t  volume i s  approximately 14,040 f t3  (3 y r s  x 
4,680 f t3 /yr ) .  Assuming a two-layer  reactor  design, 3 y e a r   c a t a l y s t   l i f e ,  
20 year  remaining  plant l i f e ,  and no management p lan ,   the   to ta l   ca ta lys t  
replacement would be a t o t a l  o f  12  l aye r s  ( 2  1 ayers x 6 replacements) w i t h  
a total   cost   of '$32,760,00Q. Using t h e   s t a t e d   c a t a l y s t  replacement  cost o f  
$350/ft3  (Table  2-l), the annual cos t   ca t a lys t  replacement  without a 
management plan is  $l,638,000/yr ($350/ft3 x 4,680 f t3 /y r ) .  

In a modern SCR system (new o r   r e t r o f i t ) ,   a t   l e a s t  one ex t ra   l ayer  will be 
included i n  the  reactor   design  for  future addi t ion  of   catalyst .  This layer  
has a s ign i f i can t  impact on the catalyst  replacement  cost  over the 1 i f e  of 
the  plant.  An SCR system  with  the same c a t a l y s t  volume (assume two layers )  
w i t h  a spare   layer   instal led i n  the  or iginal   design will have a much lower 
annual cost  than an equivalent  system w i t h  no spare   layer .  When the 
remaining act ive  mater ia l  w i t h i n  t he   ca t a lys t  is allowed t o  be u t i l i z e d  by 
adding catalyst   rather  than  complete repl acement, t he   t o t a l   ca t a lys t  volume 
required  over a 20 y e a r   l i f e  becomes 5 l a y e r s   a t  a to ta l   cos t  o f  
$12,285,000. Use of a catalyst management pl an 1 eads to an average 
catalyst replacement cost of $614,25O/yr, or only 37 percent o f  the cost 
without the management plan'". This will have a s ign i f i can t  impact OR the  
operating  cost  and cost effectiveness of SCR measured i n  $/ton  of NO, 
removed. Accordingly, we strongly believe that  the report should assume 
the  use of a catalyst management plan. 

Even i n  the unl ikely  event   of   the   inabi l i ty   to   include a spare layer   in  the 
design, an e f f ec t ive   ca t a lys t  management plan can be incorporated  replacing 
individual  layers.  T h i s  a lso  leads t o  substantial   savings when compared t o  
complete  replacement a t   t h e  end o f  c a t a l y s t  l i f e .  
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SNCR  PERFORMANCE ON COAL  FIRED BOILERS: 
On page 3-2,  the  report  states the assumption that  "the SNCR system i s  
designed t o  provide a 50 percent NO, reduction from a baseline NO, ra te  of 
0.45 1 b/MBtu. I' Except for smal l e r  CFB boi 1 ers, we have not been able t o  
verify this performance capabil i t y  on 1 arge coal fired  boilers. In 
Appendix A of this draft  report (page  3-14 of "Investigation of Performance 
and Cost of NO, Controls as Applied t o  Group 2 Boilers"),  the SNCR 
performance tes t   . resul ts   are  summarized as follows:  "In 1 i g h t  of the . . 
data, a 30% t o  40% NO, reduction  range can be  recommended for   sensi t ivi ty  
analyses." These SNCR performance results  are based on the high NO, inlet  
loading of Group 2 boi lers .   I t  is very  unlikely t h a t  this performance can 
be exceeded w i t h  the  relatively low in le t  NO, loading of a Grcup 1 boiler. 

In the  course o f  s i te   specif ic  NO, evaluation  studies we have conducted for 
numerous u t i l i t i e s  ( i n  excess  of 10,000 M W ) ,  we have received  quotes from 
the  leading  supplier of urea SNCR systems-Nalcs Fuel Tech. These quotes 
are based on the  best removal ra tes   that   they  fe l t  could be provided  while 
maintaining a "reasonable" ammonia s l ip .  The best o f  these performance 
quotes have  been 50% reduction b u t  w i t h  an unacceptably high ammonia s l i p  
value of 20 ppm. On these  specific  units, Nalco  Fuel  Tech indicated a 
maximum capability o f  30% t o  37% reduction when the ammonia s l i p  i s  limited 
t o  20 ppm o r  l e s s ,  Even a t  an  ammonia s l ip  of 10 ppm, a i r  heater  fouling 
can be experienced when using SNCR w i t h  sulfur bearing fuels.  

This i s  further evidenced by papers  describing  urea-based SNCR performance 
presented at   the  recent  Insti tute of Clean Air Companies  (ICAC)  forum i n  
Baltimore, NO, reduction  capabilities w i t h i n  the 30% t o  40% range are 
described a t  two PC boilers. One o f  the papers12' described a 112 MW boiler 
( w i t h  base1 ine NO, emissions of 0.49 lb/MBtu) reported  test  results w i t h  
NO, reductions up t o  SO%, b u t  normally operates  at 40% NO, reduction t o  
meet regulatory requirements.' The other paper stated  that   the  capabili ty 
of the SNCR p o r t i o n  of a catalyst/SNCR hybrid system could  achieve a 
maximum NO, reduction o f  37% while burning coal .(3) 

There is ne evidence t o  support the design basis of this report   that  50% 
reduction can be consistently met by SNCR w h i l e  maintaining ammonia s l i p   a t  
10 ppm or   less .  Although this performance may  be  met for  short periods of 
time on small boilers,  the 50% NO, reduction  basis  cannot be presented t o  
the readers o f  this report as a design  basis  for a71 SNCR systems.  Quite 
simply, there is  no experience w i t h  reliably  obtaining  these NO, reduction 
levels on l arge  coal  fueled  boilers. We bel ieve  that SNCR systems are very 
effective  for  installations on CFB's, and can be effective f o r  NO, 
reductions of 20% t o  40% on small-to-medium sized PC boilers,  However, the 
use of 50% as  the  design  value o f  SNCR performance will skew the  reader's 
performance expectations and ar t i f ic ia l ly   def la te   re la t ive  l i fe-cycle  costs 
of the SNCR system compared t o  other NO, reduction  alternatives. 

FORCED  OUTAGES FROM SNCR OPERATION: 
In the  past  several  years,  there has been much experience  gained on pos t -  
combustion control methods. SNCR suppliers have  been very active i n  t e s t  

, .  
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programs, research  projects, and actual commercial instal  1 a t i o n s .  The 
plant impact of SNCR systems has received mixed reviews. Although there 
are some reported  results of SNCR systems operating on small boilers for 
one year w i t h o u t  any significant problems on downstream equipment'*', there 
i s  a very h i g h  risk of  forced  outages when us ing  SNCR  on coal  fueled u n i t s .  
One IPP w i t h  SNCR installed on eight 50 MW stoker  boilers has had a great 
deal of trouble keeping t h e i r  u n i t s  operating  because of the impacts of 
ammonia slip'41. This installation  describes  air  heater  plugging,  fabric 
f i l t e r  bag fouling, and waste  water  treatment problems due t o  the h i g h  
concentrations of  ammonia. All t h i s  occurred  while l i t t l e  o r  no  ammonia 
s l i p  was being measured at  the  stack,  indicating  that knowing ammonia s l i p  
a t   the   boi ler   out le t  is  much  more important than  stack measurements. Also, 
another  recent use of SNCR on a 140 MW eastern U.S. bituminous fueled 
pulverized coal u n i t  has reportedly  resulted i n  off-I  ine  air  heater 
washings every 2 weeks or less  despite an average ammonia s l i p  o f  
approximately 5 ppm. These forced outages would be very  expensive t o  the 
u t i  1 i ty  requiring  the purchase of power dur ing  the peak season. 

These results  indicate  that  the  potential  for problems due t o  SNCR systems 
cannot be ignored. A report  issued by the EPA should  address both the 
benefits and potential problems of each techno1 ogy. For this report,  that 
would involve adding a discussion of the  potential downside o f  SNCR 
operation and fairly  evaluating  the  likely  costs  for  forced  outages  related 
t o  use of this technology. No similar  likelihood  for  forced  outages can be 
identified or jus t i f ied  for SCR systems. 

LOW CAPACITY  FACTORS  IN  ECONOMIC  CAPARISON: 
The draft  report assumes a 65% capacity  factor  as  the  basis of the economic 
evaluation. We believe  that this value does n o t  accurately  represent  the 
units that  a u t i l i t y  would consider  for  cost  effective post-combustion NO, 
reduction. Although a seemingly minor item, the  capacity  factor is  a 
c r i t i ca l  component o f  a u t i l i t y ' s  system-wide NO, compliance evaluation. A 
l a rge   u t i l i ty  system will have units w i t h  a wide variety o f  capacity 
factors. In  an effort  t o  maximize the  cost  effectiveness of the  control 
systems selected,   these  ut i l i t ies   wil l  no doubt  f i r s t  concentrate on the 
base  loaded units, w i t h  decreasing  consideration as the  capacity  factor 
decreases. 

This is   especially  true  for the 5-month "NO, season''. The report uses 27% 
as  the annual capacity  factor  for this time  period (65% x 5/12) .  This time 
period by definition i s  the peak season for  power generation, during which, 
65% would probably  not be considered  acceptable t o  the system owners. To 
maximize generation,  the u t i l i t y  would expect 85% t o  95% capacity  factors 
f o r  i t s  large  generating units du r ing  this "NO, season". The use o f  this 
higher  factor would lead t o  an annual average  capacity  factor of 
approximately 37 -5% (90% x 5/12). The use of a higher, more representative 
capacity  factor i n  your analysis will lead to a more accurate 
representation  of SCR cost  effectiveness. 

May 23, 1996 3 



BIAS TOWARD SNCR: 
We believe  that  the  report 's  discussion  of  post-combustion NO, control i s  
heavily  biased  toward SNCR and away from SCR.  The bias  toward SNCR i s  
evidenced by the complete  lack of discussion of system v a r i a b i l i t y  and the 
associated high  degree  of  supervision  required t o  achieve  acceptable 
performance. SNCR performance i s  c r i t i c a l l y   a f f e c t e d  by s i t e   s p e c i f i c  
design  constraints  and normal boi ler   operat ion  t ransients  such as  load 
changes and heat   t ransfer   surface  foul ing/s lagging.   I t  i s  noteworthy t h a t  
papers  describing  acceptable NO, reduct ion  capabi l i t ies   indicate   that  
changes i n  u n i t  operat ion  lead  to   large changes  in  urea u t i l i z a t i o n  and 
d i f f i c u l t y  i n  automatic  control12'. To imply t h a t   t h e   i n s t a l l a t i o n  o f  an 
SNCR system  wil l   re l iably  lead  to  50% NO, reduction  with ammonia s l i p  less 
than 10 ppm w i t h  no potent ia l  for s ignif icant   detr imental  impact on plant  
operation will mislead many readers   in to  t h i n k i n g  i t  i s  the  perfect  high- 
eff ic iency  control   solut ion.  In r e a l i t y  i t  also  has the potent ia l  t o  
achieve  only 20% reduction  while  forcing  frequent  outages  for equipment 
c leaning ,   los t   f ly   ash   sa les ,  and l i m i t  the bo i l e r ' s  turn-down 
capabil  it^'^'^ P1 ease make sure t h a t   t h e  report presents an accurate 
portrayal o f  SNCR capab i l i t i e s  and l imi t a t ions  which ind ica t e   t ha t  numerous 
recent SNCR i n s t a l l a t i o n s  have demonstrated  unacceptable  as  well  as 
acceptable  performance. The user o f  this report  must be informed t h a t   t h e i r  
actual results would probably f a l l  somewhere w i t h i n  t h i s  SNCR performance 
spectrum. 

The bias   against  SCR is  demonstrated i n  paragraphs such as   t he   t h i rd  
complete  paragraph on page 2-2 in w h i c h  ca t a lys t  volume requirements  are 
descr ibed  as   "s ignif icant ly  1 arge" and SO, conversion  rates  are  described 
as  "excessive".  In  addressing  the  catalyst volume requirements,  rather 
than u s i n g  " s ign i f i can t ly   l a rge"  (compared t o  what?), the report  could 
s t a t e   t h a t  improvements in catalyst formulation and system design have 
reduced the amount of catalyst volume to 65% t o  70% of the volume required 
by pre-1990 systems. A1 so, SO, oxidation i s  n o t  "excessive". The 
oxida t ion   ra te  i s  a function  of  catalyst   formulation, which i s  a design 
var iable .  In  systems  burning su l fur -bear ing   fue l ,  the catalyst formulation 
can  keep oxidation to  levels t o  1% or lessS which i s  not excessive by  any 
definition. 
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Technology for a renewed environment ‘‘I 

May 7,1996 

Perrin Quarles Associates,  Inc. 
501 Falconer  Drive,  Suite 2-D 
Charlottesville, VA 22903 

Subject:  Comments on Draft Report 

Thank you for the opportunity to present comments on the draft report entitled “Cost 
Estimates  for  Selected  Applications of NOx Control Technologies on Stationary 
Combustion Boilers”.  The stated purposes of the subject draft report were to develop 
costs for NOx control  technologies  to reduce NOx emissions  from  baseline to 0.15 
lb/MB€u (the putative emissions  limit after Phase III of the Ozone Transport Region’s 
MOU is implemented), and to develop costs for NOx control technologies providing 
substantial NOx reductions beyond  emissions  limits mandated in  Phase I for Group 1 
boilers subject to acid rain NOx limits. 

As a general comment, the treatment of capital costs  may not appropriately reflect the 
.cost to utility plants subject  to NOx control regulations. If the subject report used the 
same methodology as Bechtel used in the referenced Group 2 boiler report to the EPA, 
the capital carrying charge  utilized was a modest value of 0.115. Our recent experience 
in installing post-combustion NOx controls indicates carrying charges of 0.145--200. As 
utilities prepare  for deregulation and enforced competition in generation, the planning 
horizon for capital outlay  has shortened considerably. By 1999 and 2000 the real 
financial world for utilities  may be to carry capital for only 5 years. We encourage that 
cost estimates for NOx control be recalculated utilizing more representative higher 
carrying charges.  Perhaps in recognition of the need to minimize capital outlay, the 
authors did well to point out that combinations of technologies  might well be cost 
effectively applied, but that details for potential NOx reduction combinations were 
beyond the scope of the draft  report 



The  technical data presented in the report seem  to be an accurate recapitulation. 
However, two small comments do arise: 

_- - 

(I) Since one premise for  all the data in  the  report is that LNB or combustion. 
modifications have already been employed, the Gas Reburning data may  need  to 
be revisited in Table 1-5. The  Acurex report entitled "Phase 11 NOx Controls €or --, 

the NESCAUM and MAMMA Region" states cost  effectiveness  is  significantly 
diminished for this add-on control  because the NOx reduction is  only 20% when 
LNB is already installed. 

, ,  

". 

(2) In Section 3.1.1 regarding SCR, the statement "It  is assumed that  the existing 
plant setting allows installation of the SCR reactors between the economizer and 

,. the air heater without a  need  to  relocate any major structure or equipment" is 
such an egregious leap it isbetter to qualify the statement with  the admission 
that installation on a number of sites would be impossible or imprudently costly. 

". 

Of perhaps greater concern  to NFT than any comments apropos to the subject report is 
there are several factual errors and misleading premises in the  appendaged  report 
"Investigation of Performance and Cost of NOx Controls as Applied to Group 2 
Boilers" prepared for EPA  by the Cadmus Group,  Bechtel and SAI. Apparently th is  
report served as a basis for EPA's proposed Group 2 boiler rule FR 1442, Jan. 19, 1996. 
IWT had provided both  background information and formal comments on the 
proposed rule, but may have been disadvantaged by never having seen the Draft 
Group 2 report. NFT trusts t h i s  oversight will be  rectified by incorporating the 
following comments to that repork 

Section 3-1 Selection of Control Technolo~es €or Evaluation 

Report  Statement: "For each  Group 2 boiler  type, this selection was based on 
availability of control  technologies as established by at least one 
full-scale demonstration or commercial  application." 

bJFT Commenk It is inappropriate to include thinly demonstrated technologies like 
coal reburn and combustion modifications on wet-bottom  boilers, 
while maintaining that hybrid SNCR/SCR  is outside the scope of 
the report The  successful demonstration of the technology on a 
Group 2 boiler at Public  Service  Electric and Gas along with the 
potentially broad applicability demand inclusion of the technology 
with greater focus than currently in the draft. 
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Another caveat regarding the basic premise of including full scale 
demonstrations is that demonstration costs are often far higher 
than application of the technology on a  commercial  basis.  OveraIl 
scope is far more  confined in commercial  installations, and reagent 
prices will be more favorable. 

Section 3.2.4.4 Factors Affecting Perhrmance 

Report  Statement: ". ..SNCR process is capable of load following through adjustment 
of NSR". 

NFT Comment:  The statement is quite incomplete I and does not represent the 
technology. It may be corrected to - 

"SNCR process is capable of load following through automated 
control of injection  level  use, reagent dilution  through the various 
injectors, and reagent flow rate at a given injection  level(s), all of 
which usually changes NSR as load changes.  The automatic 
control is setup on a feed-forward basis." 

Sections 3.24 and 3.2.5 Coal Sulfur Content 

Report Statement 

NFT Comment: 

In describing the potential for ammonium salt formation in the  flue 
gas, the authors state "...ammonia slip needs to be controlled in 
SNCR ..." whereas in Section 3.2.5.4 regarding SCR, the authors 
state "...ammonia slip is controlled in SCR application to 
minimize. e ." 

The difference is subtle but  the implication is SNCR doesn't control 
slip and SCR does.  The  fact is ammonia slip is an operational 
limitation of both technologies as it limits NOx reduction (for 
SNCR) or causes more capital expense (for SCR). US. Generating 
Company revealed pictures of NH3 slip induced air heater 
pluggage in its ICAC Forum presentation entitled "Multiple Coal 
Plant SCR Experience - a. US. Genco.  Perspective". NFT asks that 
the subject of ammonium salt formation and subsequent air heater 
deposition be treated in a more equitable tone. 
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Appendix €3, Section 4.4 SNCR Application 

Report  Statement: "The source of urea  was  assumed  to be the NOxQUT. reagent 
commercially supplied by Nalco Fuel  Tech." 

NFT Comment: NFT does not supply urea or any other reagents used in air 
pollution  control  systems.  The  urea at the referenced plant was 
supplied by  one of five  commodity suppliers of urea that offer 
appropriate quality material  to  be  used  in  conjunction with the 
NOxOUT process. 

Section C.24.5 Reagent Cost 

Report  Statement: "A significant  portion of the SNCR O.& M. costs is tied to the 
consumption of the chemical reagent Therefore, the annualized 
cost of an SNCR application  is particularly sensitive to the market 
price of the reagent  used." 

NFT Comment This is not borne out by the  sensitivity graphs  on pg. Bp-42. The 
parameter to  which SNCR cost  is  more sensitive is % NQx 
reduction to be achieved  by  the  SNCR system. 

NFT will be happy to supply further comments if required. Please feel free to  call me 
at (708) 983-3254. 

Sincerely, 

Vincent M. Albanese 

cc:  S.C. Argabright 
EA. Johnson 
J.E. Hofmann 



May 24, 1996 

107 Setdm S-t. &dii. CT 06037 

Northeast L'tilides Service Company 
P.O. Box 270 
M o r d .  CT 06 14 1-0270 
(860) 665-5000 

Charles F. Carlin. Jr. 
Principal Engineer 
Environmental Affairs 
(860)  665-5344 
(860) 665-3777 FAX 

Mr. Ravi  Srivastava 
Environmental  Engineer 
Acid  Rain  Division 
U.S. EPA 
401 M Street. SW 
Mail  Code  6204J 
Washington, DC 20460 

Dear Mr. Srivastava, 

Thank you for the opportunity to  comment  on  the  Bechtel  report  on NOx control  costs 
for utility  boilers. I forwarded the report  to our engineering folks, and  they  reviewed it 
in detail.  In  general,  the  report  is  quite  reasonable and  complete.  Some of the  cost 
estimates are lower  than we  have  used;  some are higher.  These  comparisons are 
attached. dong with some  specific  suggestions for improving  the  report. 

We look  forward  to  your final rule  on NOx emission  controls for Title IV sources. If 
you  would  like  to  discuss  our  comments.  please  call  Mr.  Robert H. Thomas  at (860) 665- 
3793. 

Sincerely, I 



ATTACHMENT 
, S  Asset  Management  has  reviewed the EPA  draft report entitled  "Cost 

Estimates for  Selected  Applications  of  NOx  Control Technologies on 
Stationary  Combustion Boilers". The final  version  of this report  will  be 
used by EPA to evaluate the costs of  retrofit  NOx controls applicable to 
fossil  fuel-fired  boilers in the U.S. The  report makes the assumption that 
the controls will be required to limit  NOx  emissions to 0.15 lb/MMBtu  and 
includes  essentially all  basic  boiler  designs  and oil/gas/coal fuels. 

The technologies evaluated in the report were limited to Selective  Catalytic 
Reduction  (SCR),  Selective  Non-Catalytic  Reduction (SNCR) and Gas Reburning. 
To evaluate the report, cost projections  were  compared to the costs that we 
have  experienced in the NU system  installing  similar  equipment  and to NU 
cost  estimates  prepared  for 1999 NQx  compliance. 

"ezeral  report comments are  immediately below, followed by esrments on  the 
,.art  details, typos, and  specifics. 

GENERAL COMKENTS 

0 The  report  recognizes that some  "Hybrid  systems"  are more 
cost-effective  for  certain  applications. These could  include  SNCR with 
a shallow-bed  catalyst  or  additional  combustion  controls with SCR. 
Howevers these options were not  in the scope of analysis. 

0 SNCR alone was not considered  for  coal  units because the limit  of 0.15 
is  considered  beyond the reduction  capability of SNCR alone  from  a 
baseline of 0.45-0.50. 

8 Only  natural gas as  a reburn fuel  is  considered  applicable because coal 
or  oil reburn fuel  does not have  enough reduction capability. 

The  SCR  retrofit  capital costs assume  no allowance for relocating any 
existing structures or  equipment, In general this is  a  bad  assumption. 

0 The  report does not mention including  costs for wastewater treatment 
facility  modifications which might  be  required to handle  SCR ammonia 
plant wastes and  washwater wastes. 

0 The  coal  unit  sulfur  content  assumed  in the report is  only 0.8 wt%. 
Bisulfate formation on  air  heaters  due to  the SCR/ammonia cornbination 
could  become  a much greater  factor in downtime costs and  air  heater 
capital work if the higher  sulfur  coals were assumed. SO3 formation 
from the SCR on higher  sulfur  coals  can accelerate downstream corrosion 
and produce opacity  plume/acid  fallout problems. These conditions 
should be factored  into the report  cost estimates for coal. 

e The levelized  carrying charge factor  assumed is only 6Q% of the value 
NU would use. 

0 The anhydrous  ammonia  cost  assumption is  about 20%  less than 
experienced at Merrimack, 

" .- 

I ,  

o No mention  is made as to disposal  cost of used SCR catalyst,  and  ash 



disposal  costs  are  about 33% less than NU's experiences.- 

o The reported SCR capital  costs  for  oil or oil/gas  units are about 1/3 
lower than the latest NU estimates. 

0 The reported SCR capital costs for  coal  units  are  about 20-25% lower 
than NU would  estimate. 

0 The reported  SNCR  capital  costs  for  oil or oil/gas units are more than 
50% higher than NU estimates. 

0 Natural gas assumptions  for oil unit  reburn  should  reflect the higher 
pricing more representative of  non-interruptible  gas contracts 
(typically 20%  of total unit heat  input). 

0 Large variations in  NOx reduction equipment  capital  cost  estimates  on 
many of  NU's smaller  units can be seen in the asymptotic scaling 
factors which the report  applies to units  less than 200 MW. The same 
effect can 

0 The report 
or less  of 
comparison 
on a basis 

DETAIL COMMENTS 

be seen for  levelized  annual costs. 

summary table for  oil and  gas fuels  shows that SNCR is 50% 
the cost  of SCR on units of NU's size. This cost 
is generally true for  low  and  high capacity  assumptions and 
sf $/KW or $/Ton NOx. 

Table 1-2 should  have  a note that these are "$1995n and that the 
formulas for capital cost  are "$/lrw" and  not "$". 

Table 1-3 should  have  a note that the baseline  NOx levels are as shown 
in table 1-1. 

Table 1-4 should  have  a note reflecting  that the SNCR assumption for 
coal units is that 0.15 lb/MMBtu  cannot be achieved. 

Section 2.1, first para.--Seems to erroneously refer to table 1-2. 

Sect.  2.1,  sec.  para.--0.45 and 0.50 are  in reverse order, 
respectively. 

Sect. 2.1, third bullet--Adding  natural  gas reburn to a  pressurized 
unit  can be a  safety hazard. The report  should mention limiting 
application  factors such as this. 

Sect.  2.1, fourth  bullet--The  cost  and  NOx reduction assumptions for 
for SNCR  should  explain whether or  not  in-furnace lances are included. 

Table 1-5 should  have  a note that the reduction percentages assume  some 
baseline  NOx levels. 

Table 2-1 should show a more realistic  carrying charge factor,  higher 
anhydrous  ammonia COS~S, higher ash  disposal  costs, and SCR disposal 
costs. 
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Dwight Alperr- 
E,nvironniental Protectioz Agency . 
501 3rd Stifeet, N.W. 
Was"iingtorr.-.DC 2COQl 

. .  

913B1869407& P 

Re: ' Kequest foi Meeting Between' UARG and EPA Consultants 

b a r  ,Dwight : . . ' . .  

Thank you f o r  your .letter dated June 2 6 ,  1936 regarding tht 
re,quest.by UARG"s consultants to.meeting with SPA'S consGltants 
to discuss technical issues on NO, control technologies.' These 
meetings were and are needed to resolve qdesti-ons raised by the 
~gericy'ls. repcrts and analpas in )-,he § 4'07 EOx rulemakfng, the 
Ozone Transport Assessment Groq (OTAG) discussions', and other 
regulatory forums. As you k m w ,  'JARG wanted to settle the 

. outscanding issues in these FrQC@edi+ as ekpeaitiously as 
possible, and it is 'unforturiate that the Acid Itair. Division did 
not allow its consultants: to m e e t  'with UARG's ccnsultants . .  

~ a y .  We also understand that wfiere technical issues relate to 
. ' matters other .thar?' th= §. 407 NO, rulemaking, EPA. will agree to a 
meeting.on technical issues m1.v if: 

- 
-. ' regarding fechnical issues-related ,to the- I 407 xuiernaking ia 

1' 0 .  

2. 

3. 

4. 

O u r .  clients are ~ o t ; .  represented at the meeting,',by 
counsel ; '--  . .  

m ' t  s coasultants are limited to ra'isirLg questions 
regarding the need for, additional infohAtion pr 
explanation to unders.tand the  EPA consultar,",'s arialysj 
or conclusLona; 

U A R G ~ S  cdesultants may ,m raise any gusscions that 
reflect disagreement with. technical a~sumptions, 
a-nalyses, or concgusions a , =  SPA technical repdrts; 

..&y questions tkat UARG I$ tscmcal consultants want ' t  
raise (dnd that can be raised under the guide?;ines. 
de.scribed 'above) must be submitted to EPA in writins 
prior t;r, ,the meeting. 

. .  

. .. . .  

. .  

. .  . . .  . .  



TO 

. .  I 
! 

We find this, a very curio~g approach to developing' a 
technicaily sound basis for NOk,corrtrol initiatives. As ygu ! 

know, CAA § 307 (dl !3) requires disclosure In connection with I 
proposed Agency actions'of "the factual data" on which a propos@ 
sction is 'based, as well as ''the ,method usedB1 in sbtaifiing and ; 
analyzing ' the d a t a . '  Given that  meaningful comment is not I 

possible *&less there is full dhclosuz-e of 'the fac ts  and. 
methodology on whit@ the  Agency .relies'., UARG and others have j 
traditionally worked closely w i t h  EPA .twdinicsl skaff to aevelopi 
asld to understand t h e  basic far proposed regulatory actions. . 1 '  
Tnis has often izivolued meetings that include E?A and W G  
technical consultants, in order 'that the technical experto OF , i 
each side have, the .b,ene,fit of each ' expertise. and 
pro'fessionai judMer;t.. 'For these 'reasons, we are confused a s  to/. 
why EPA would war-t to .clos.e these lines of communication. This' j 
does RQ:: appear to bk a step designed,to foster either gasd, . 1 
ticienee or .sound policy. I 

i 
' ~ i ~ e  enclosed' comrntints by Ed Cichanowicz. are specifically , '  

&'re&& to Bechtel's draft "Cost Estimates for Selected ~ 

Applications'of NO* Control 'Fecknologies on Stationary Coinb"igtioq 
Boilers, 'I wuch apparently is iiatended for ase in OTAG.. : M a n y  of ~ 

the data. and methbdclogy issues kaised in the Cichanowicz 
coments' d i q c t l y  relate to the proposed § 407 NOx rube, which ! 
uses a companion Bechtel report f0.r its basis. These questions i 
go both to t.he need - fo r  complete disclosure -of data and 
methodology,. and 'to the technical merit o€' specific ana%ytical j 
approackss and ii.ssunptions. .Among these questions, which are. j 
detailed in .the Cicfianowicz report, are the following: . .  1 

. .  
! 

! 

9 

e 

e 

. .  

" 

what! are  the specific boilers' in Bechtel' s "in-house I 
data base1[ whose design details are -assumed to be 

. .  representative .of typical boilers in each 'category.; . 1 
j 

w h a t  do the layout' drawings look l i k e  of the ":similar ; 
Soiler.i~talltions"' that.&e assumed by Bechtel to j 
represent this'natiQnls entire boiler population; - 1  

"what space .velocities' al;-e assumed for  each fuel in S a ! '  
I 

applications ; I 

. ' !  

. .  i 

. .  
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